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4 Abstract
Abstract
The 2011 Area Classification for Output Areas (2011 OAC) is a new opengeodemographic classification of the UK based on 2011 UK Census data. The 2011 OAC,created in partnership with the Office for National Statistics (ONS), supersedes the 2001Area Classification for Output Areas (2001 OAC) to provide the most current opengeodemographic view of the UK.
The 2001 OAC was widely used in academia, local government and by commercialorganisations, but its reliance on data from the 2001 UK Census has led to a perceiveddegradation of reliability over time and a decline in users. The release of the 2011 UKCensus data provided the opportunity to create a 2011 OAC which could address someof the acknowledged flaws of the 2001 OAC, such as the methods used for data handling,to create a more robust methodology. The publication of this methodology withaccompanying documentation, in addition to utilising open-source software, guaranteesthe reproducibility of the 2011 OAC; with an additional benefit of the methodology beingable to act as a template for future bespoke open geodemographic classifications.
Open geodemographic classifications, unlike those provided by commercialorganisations, have historically been unable to utilise ancillary data sources to enrichand update their systems. This research proposes an alternative approach; utilising thelimited range of Open Data sources made available regularly at the small granular levelto create uncertainty indicators. These indicators allow areas of uncertainty that developover time within the classification’s geodemographic assignment to be identified;allowing users the opportunity to take compensatory action.
This project delivered a new open geodemographic classification of the UK. Themethodological advances, use of open source software and ability to assess the temporalstability of geodemographic assignments mean the 2011 OAC can be considered a stepforward for open geodemographics.
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Chapter 1Introduction: Aims and Structure
1.1. IntroductionThe population of the UK is a large and complex entity that consists of millions ofindividuals, each with their own unique characteristics. Trying to comprehend thediversity of the UK population is a complicated task. Multiple data sources exist thatdetail different aspects of the UK’s population, with a continual stream of informationbeing made available from Government data repositories, such as data.gov.uk, whichnow contain hundreds of datasets on the theme of society. This constant flow ofinformation from multiple sources makes it difficult to form any consensus on what theattributes of the UK’s population are at finest levels of granularity.
The majority of datasets available through websites like data.gov.uk provide insufficientdetail to offer a geographically in depth representation of the UK’s population. Thedecennial UK Census provides an alternative to this, and is designed as a means ofcounting individuals in order to quantify their characteristics. Despite the UK Censusonly taking place every 10 years, it continues to provide the most comprehensive set ofstatistics relating to the country’s population, both in terms of the range of questionsasked and geographical scope. The Census forms are completed for all individuals inevery household in the UK on a specific day, with the most recent occurring on the 27thMarch 2011. The data derived from these forms are not however released at thehousehold or individual level for 100 years due to the laws governing confidentiality(ONS, 2012a). The release of data from the last two UK Censuses, held in 2001 and 2011,have instead aggregated individual and household data to custom areal units. Thesmallest of these units divided the UK into 232,296 areas in 2011 and contained onaverage 272 people each.
The volume of data released from the last UK Census in 2011 – hundreds of tables andthousands of variables – provides a detailed overview of the UK’s population. The
24 Chapter 1 – Introduction: Aims and Structure
availability of this amount of data for each of these units means that a lot of informationis known about very small areas of the UK. The extent to which this array of data can beeasily interpreted and summarised in an easily understandable format is limited. Thelevel of detail offered by the latest UK Census makes it difficult to know which parts of itare relevant to any particular task. It is therefore necessary to process the raw data; inother words the data needs to be summarised, analysed or otherwise converted intousable information. That information can be more readily understood and used toprovide summaries of the UK population.
One technique that can be utilised to generalise multidimensional datasets is the creationof area classifications. Instead of dealing with individuals, they classify areas into groupsbased on the similarities of certain properties within them. Area classifications can beutilised for a range of applications, from classifying forestland (Azuma and Monleon,2011) to hazardous areas (Cox et al., 1990), providing a convenient simplification of alarge dataset while also incorporating a spatial component. The application of thisconcept on a large multivariate dataset like the UK Census provides a method ofsimplifying the population and the variations that occur across the country. In thiscontext an area classification forms the core component of geodemographics, which is“the analysis of people by where they live” (Sleight, 2004, p. 16).
Geodemographics can be considered the formalisation of the relationship betweenpeople and place. There are two core components: social similarity, independent oflocational proximity and the spatial autocorrelation of like-minded individuals. Thespatial autocorrelation embodies Tobler’s First Law of Geography that “everything isrelated to everything else, but near things are more related than distant things” (Tobler,1970, p. 236); meaning people that live in the same area are more likely to share similarcharacteristics than those living further away. Although this is tempered by the existenceof social similarities that are independent of location, acknowledging comparablepopulation groups can be found irrespective of geographic location. A geodemographicclassification utilising these principles therefore provides insight into the characteristicsof the population based on where they live.
The ability of a geodemographic classification to distil large multivariate datasets intosuccinct descriptions of the population has led to their continued use since beingdeveloped by Richard Webber in the 1970’s (Gale and Longley, 2013). In the preceding40 years geodemographic classifications have been predominantly made available by
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commercial companies. These systems have dominated the marketplace due to their useof ancillary data sources to regularly update their products, something that is popularwith users. In terms of market share this has given them a competitive advantage overthe limited number of freely available geodemographic classifications. The last opengeodemographic classification created on a UK scale and made freely available was the2001 Area Classification for Output Areas (2001 OAC). This was released by the Officefor National Statistics (ONS), the body responsible for official Government statistics inEngland and Wales, in collaboration with Leeds University.
The creation of the 2001 OAC, based on only 2001 UK Census data, was a significantmilestone in the development of a geodemographic system with a completely open,transparent and scientifically reproducible methodology (Vickers and Rees, 2007). Itswidespread adoption meant the release of the 2011 UK Census acted as a catalyst for anupdated version of the classification to be created. The creation of this classificationforms the basis for this thesis.
Like the 2001 OAC, the creation of the new classification was in collaboration with theONS. Funding from a UCL Impact Award, with a contribution from the ONS, meant theproject began in late 2010, several months before the 2011 ‘Census Day’. The timescalesof the project meant that for the first 28 months of funding no appropriate data from the2011 UK Census were available. Although the timing of the project could be consideredproblematic, it provided an opportunity to explore other aspects of geodemographics.This allowed a more in depth understanding of key processes and data availability to bedeveloped before they needed to be applied to creating a new classification – somethingthat would not have been possible if the relevant data had been available at the start ofthe project.
A key aspect explored within the research project is temporal stability; which is an issuethat exists with any geodemographic classification. A primary reason why commercialsystems use non-Census data sources is so they can be updated regularly. In comparison,the 2001 OAC still reflects the UK’s characteristics from 2001, as it would have neededanother Census dataset to update it. This limitation has led to the 2001 OAC beingconsidered out-dated by users. The perceived need to continually ‘refresh’ commercialsystems to reflect changes in the UK is not always warranted. Sleight (2004) suggestschange is inconsequential as certain types of people will always dominate certain areasand as people move out likeminded people replace them. Longley et al. (2011) also
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indicates stability across a large proportion of the British population over hundreds ofyears.
The perception that the entire 2001 OAC now provides inaccurate representations of theUK’s population characteristics due to changes that have occurred over the interveningyears is fallacious. The future proofing of geodemographic classifications that cannot be‘refreshed’ with regularly updated data sources was therefore a concept explored in theproject. The investigation of the temporal uncertainty of the 2001 OAC’sgeodemographic assignment provided a good opportunity at the start of the project toexplore the on-going relevance of the classification. It also provided an opportunity tobecome acquainted with datasets available to create an open geodemographicclassification, and explore the role alternative datasets to the UK Census could be usedand incorporated. From a practical perspective it also allowed the development of skills,such as learning to code in the open source R program (R Development Core Team, 2011)to perform a number of statistical and graphical operations.
The analysis of the temporal uncertainty of the 2001 OAC provided three keyopportunities: it allowed an assessment of the current data environment in the UK to becarried out; it provided an opportunity to develop a method for assessing the stability ofa geodemographic classification over its lifetime and it allowed the development of a skillbase. These three components were all relevant to creating a new geodemographicclassification following the release of the 2011 UK Census. Each element had an impacton the methodological approach taken and the decision making process.
Complicating the creation of a new UK-wide geodemographic classification was thestaggered release of the 2011 UK Census data for England and Wales, Northern Irelandand Scotland at the smallest geographic levels. Data appropriate for use with ageodemographic classification were released in January 2013 for England and Wales,between January and February 2013 for Northern Ireland and December 2013 forScotland. The aspirations of the ONS to release a new classification by July 2014 meant aUK-wide dataset needed to be processed as quickly as possible. The wait for the Scottishdata and the benefits from performing the temporal uncertainty analysis however meanta methodology was already in place and had been extensively tested. The existence of arobust methodology meant the creation of a new geodemographic classification for theUK could be accelerated following the release of data for Scotland, and therefore the finalclassification could be produced with relative ease.
Chapter 1 – Introduction: Aims and Structure 27
The aims of the thesis, outlined in Section 1.2, were designed to avoid the exact re-creation of the 2001 OAC methodology using 2011 UK Census data. To have done sowould have been a wasted opportunity to advance open geodemographics, additionallyit would not have guaranteed the best representation of the UK. The 2001 OAC was nothowever ignored, and was instead used as a guideline to illustrate the steps required tocreate an open geodemographic classification. The creation of a new geodemographicclassification needed to acknowledge the heritage of the discipline, but this did not meanit had to be constrained by decisions made in the past.
1.2. AimsThe release of the 2011 UK Census data provided a catalyst for the creation of new andupdated geodemographic classifications, both commercial and non-commercial. Theprincipal aim of the project was therefore to use this opportunity to create a new opengeodemographic classification of the UK at the smallest areal unit level. To achieve this aset of more specific secondary aims were required to give the project the necessaryfocus. These aims were derived from the literature review and background researchundertaken in Chapter 2 and can be summarised as follows:
i) To create a new open, transparent and reproducible methodology.The methodology of the 2001 OAC was designed to be reproducible (Vickers and Rees,2007). This did not however mean that the processes used could not be improved upon.The reliance on commercial software, such as the SPSS statistical package, to create the2001 OAC prevents the entire methodology from being considered completelyreproducible or open. The new classification was therefore designed to either use open-source programs or be compatible with them.
There was also an opportunity to explore the methodological components of creating ageodemographic classification in greater detail. The continuing improvement incomputational power meant certain aspects, such as data processing techniques, couldbe explored in greater depth (when compared to the 2001 OAC) to ensure the finalclassification was both robust and optimal.
ii) To consult with users to determine what their requirements are for the
classification.
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A new classification of the UK needed to reflect the requirements of users. The creationof the 2001 OAC showed that a classification of the UK at the finest spatial level waspossible. The new classification therefore had a greater focus on users’ desiredoutcomes. The emphasis on designing a classification to be conscious of therequirements of the user base therefore enhances the prospects of its wide scaleadoption.
iii) To develop visual and descriptive outputs to facilitate users understanding of
the results produced by the classification.An essential part of any geodemographic classification is the production of a number ofkey outputs – these help a user to better understand the results of the populationsummaries produced. Cluster names and descriptions were provided as part of the 2001OAC, supplemented with static maps as PDF files. The new classification of the UK neededto at least replicate these outputs, however the numerous developments in web basedmapping and spatial data infrastructures (see Goodchild, 2007; Haklay et al., 2008;Singleton and Longley, 2009a; Carpenter and Watts, 2013) provided an opportunity toproduce more engaging outputs.
The production of outputs for the new classification of the UK therefore needed to meetthe minimum expectations of users, while incorporating the latest advances ingeodemographics and geographic information science (GIS), to provide a suite ofdescriptive and visual tools for interpretation of the final results.
iv) To validate the classification once complete to assess the final outcome.Validation was required to assess the overall quality of the final classification across anumber of different categories. There are multiple components of a geodemographicclassification that impact its robustness. These components therefore requiredevaluation to ensure the final classification provided the best representation of the UK.
v) To explore alternatives to using ancillary data sources to update
geodemographic classifications that highlight the temporal stability, or
otherwise, of resident populations.The applicability of geodemographic classifications in the subsequent time periods thatfollow their release is of interest to users. Analysing the temporal stability of ageodemographic classification provides a method to highlight only the areas of thecountry that experience high levels of change over a set period of time. Investigating the
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use of temporal uncertainty indicators is therefore advantageous, as, unlike commercialsystems, they do not require the wholesale modification of the classification withancillary data. Instead they can highlight areas in the UK where the geodemographicassignments may have become less stable over time and therefore require furtherattention.
1.3. Thesis StructureThis thesis is divided into nine chapters. Chapter 1 provides an introduction to theproject and details the specific aims. Chapters 2 and 3 provide background informationrelevant to the project. Chapter 4 introduces the core concepts of the new UK-widegeodemographic classification. Chapter 5 is the first analytical chapter, and provides anoverview of the investigation into using temporal uncertainty indicators. Chapter 6provides the methodology of the new classification, while Chapter 7 details itsimplementation. Chapter 8 validates several aspects of the classification and Chapter 9summarises the findings of the project and potential directions for future research.Detailed summaries for Chapters 2 to 9 are outlined below.
1.3.1. Geodemographics and Area ClassificationChapter 2 introduces the theories, principles and practices of area classifications andgeodemographics. It provides an overview of the history of geodemographics and looksat the current geodemographic systems from both a practical and ideologicalperspective, exploring the differences between current geodemographic classifications.The previous national geodemographic classification built from the 2001 UK Census isdiscussed (the 2001 Area Classification for Output Areas or 2001 OAC), with particularfocus on the methodology that underpins it. This is followed by an examination of thechallenges associated with classifying London alongside the rest of the UK given thediversity of its population along with other potential pitfalls found withingeodemographics. The purpose of his chapter is to provide a historical overview ofgeodemographics and area classification to allow the research agenda to be formulated.
1.3.2. The Census and Open DataChapter 3 introduces the UK Census and Open Data as data sources that can be utilisedwithin a geodemographic classification. The history of the UK Census is detailed, and an
30 Chapter 1 – Introduction: Aims and Structure
appraisal of its use as a data source in term in terms of scope, population coverage anddata quality is made. The geographies that are used to disseminate the data arediscussed, and how variations exist between different countries in the UK. In addition,the future of the UK Census is examined, along with how the prospect of changes to smallarea data provision in the UK may impact geodemographic applications. This leads intoan exploration of the future of Open Data in the UK, and the role such data sources couldhave in current and future geodemographic classifications. The purpose of this chapteris to provide an overview of the UK’s current data environment and outline whichsources can be used in the creation of a new geodemographic classification.
1.3.3. A New Area ClassificationChapter 4 introduces the 2011 Area Classification for Output Areas (2011 OAC) andoutlines the key concepts that influenced its construction. The key concepts are exploredfurther, with focus on the influence of internal factors, such as the desire for theclassification to be open, and external factors, like the availability of data. This is followedby the detailing of procedures used to engage with potential users of the 2011 OAC andthe influence that these results had on creating the new classification. The key pointsfrom the user engagement results are explored and distilled into a set of userrequirements. In addition, the steps required to incorporate these requirements into theconstruction of the 2011 OAC are also described. The purpose of this chapter is toidentify the key concepts and user requirements for the new classification, and to outlinehow the design criteria and implementation of the 2011 OAC was shaped asconsequence.
1.3.4. Temporal and Spatial Stability of Small Area
ClassificationsChapter 5 examines the spatial and temporal uncertainty of geodemographicclassifications. It explores how commercial classification systems use ancillary datasources to regularly update their products, something not possible with geodemographicclassifications built with only Census data. An alternative to the commercial sectormethods examined in this chapter is the creation of spatio-temporal uncertaintyindicators from the limited amount of appropriate data available. The concept ofuncertainty indicators being based on the premise that change in the UK varies bothspatially and temporally is discussed, and how this can be used to provide a general
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indication of how different areas exhibit different change characteristics. Theimplementation of these indicators is explored using the example of the 2001 OAC, withthe benefits of being able to identify areas of significant change in the UK compared tohaving to regularly update a geodemographic classification with updated data beingassessed. In addition, limitations of temporal uncertainty indicators are examined, andhow the release of additional small area data sources could help address these issues.The purpose of the chapter is to propose and test a method that can be used as a viablealternative to the traditional approach for updating geodemographic classifications; andto provide an understanding of the advantages and limitations that exist with thetechniques proposed.
1.3.5. Methodology for the 2011 Area Classification for Output
AreasChapter 6 outlines the methodology used to create the 2011 OAC. The role of clusteranalysis in constructing the 2011 OAC is explained along with specific details on theindividual steps required to create the classification. The processes involved inidentifying and listing variables and then reducing this list to make a final selection areexplored in further detail. The different techniques used to prepare the data forclustering are discussed, as are the criteria used to select an optimum combination oftechniques to create the 2011 OAC. Additionally, the clustering processes used to createthe structure of the 2011 OAC is explained, along with how the different types of outputsproduced help give names and descriptions to the groups created. The purpose of thischapter is to provide a detailed methodological overview of the different techniques usedto create the 2011 OAC and explain why decisions were made. Chapter 7 details theoutputs created using the processes described in this chapter.
1.3.6. Creating the 2011 Area Classification for Output AreasChapter 7 outlines how the methodology discussed in Chapter 6 was implemented tocreate the 2011 OAC. Discussed are the inputs that were used to create the 2011 OACand how the final selection was made; the processes used in the three methodologicalstages of initial variable identification, variable reduction and final variable selection arealso detailed. The outputs from the different data processing techniques applied to thefinal variable selection and the outputs of these processes are examined in order toidentify the optimum dataset used as the basis of the 2011 OAC. In addition, the results
32 Chapter 1 – Introduction: Aims and Structure
cluster analysis are discussed and how the core outputs of this process can be split intotwo categories: descriptive and visual. A number of additional outputs from the 2011OAC are also detailed, such as the release of the R code used to construct theclassification, to fulfil the aspiration for all processes undertaken to be as open aspossible. The purpose of this chapter is to provide evidence of the successfulimplementation of the methodology outlined in Chapter 6, and to discuss the number ofdifferent outputs of the 2011 OAC.
1.3.7. Validation of the 2011 Area Classification for Output
AreasChapter 8 details different validation exercises performed on the 2011 OAC. Discussedare the different categories used to validate the classification: variable performance;cluster assignment certainty; homogeneity; changes between 2001 and 2011 andground-truthing. Each of the categories is explored in detail, with focus on how effectivethe 2011 OAC is at providing accurate representations of the UK’s population.Additionally, the categories analysed cover several different aspects of theclassification’s construction and outputs, therefore allowing multiple attributes of the2011 OAC to be assessed and discussed. The purpose of this chapter is therefore toprovide evidence of the overall robustness of the 2011 OAC in how it represents thediverse characteristics of the UK’s population.
1.3.8. Conclusions and Future WorkChapter 9 summarises the research undertaken to create the 2011 OAC. It explains whythe overall aim of the project, to create a new open geodemographic classification of theUK, can be judged a success. In addition, this chapter looks at the contribution made byeach of the secondary aims; followed by an exploration into what some of the possibleapplications of the 2011 OAC will be and how the current economic climate of the UKmay impact its use. The lifespan of the 2011 OAC is also discussed, and how as theclassification ages what role academic research could have in keeping it updated andrelevant to the changing population dynamics in the UK. The chapter concludes bysummarising the 2011 OAC and where it sits in the current UK geodemographicclassification market.
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Chapter 2Geodemographics and AreaClassification
2.1. IntroductionThis chapter introduces the theories, principles and practices of area classifications andgeodemographics. Section 2.2 defines what area classifications and geodemographicsare and how they relate to both scientific and statistical theory. Section 2.3 gives anoverview of the history of geodemographics from its origins over 100 years ago. Section2.4 looks at the current geodemographic systems from both a practical and ideologicalperspective, exploring the differences between current geodemographic classificationsand examining potential future developments. Section 2.6 details the previous nationalgeodemographic classification built from the 2001 UK Census. It gives an overview of thestructure of the classification and the methodology that underpins it. Section 2.7discusses the challenges associated with classifying London alongside the rest of the UKgiven the diversity of its population. Section 2.8 looks at the potential pitfalls foundwithin geodemographics, and how much these problems relate to modern iterations ofclassifications. Finally, Section 2.9 draws these points together to form a research agendafor this project to follow.
2.2. Area Classification and GeodemographicsArea classifications seek to group residential areas together based on their similarities.Webber and Craig (1978) suggest that area classifications provide a unique way ofviewing patterns formed from multiple variables that differ from one area to the next.The concept of sorting and categorising things based on similarity is not a new one andis just an extension of the human condition to simplify the world around us. Thepopulation of UK was 63.2 million in 2011. These 63.2 million individuals can all beconsidered to be unique, yet share enough characteristics to be grouped together into
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similar categories based on social structure, economic conditions or cultural behaviourvalues.
Area classifications can be divided into two types: categorical and continuous.Categorical classifications assign areas to a particular group, for example the 2011 rural-urban classification (RUC2011), which assigns areas in England and Wales to one of foururban or six rural categories. Continuous classifications assign areas a value, and whereeach area falls on the spectrum determines the classification outcome. An example of thisis the English Indices of Deprivation 2010. This uses 38 separate indicators to calculatethe Index of Multiple Deprivation (IMD) (Department for Communities and LocalGovernment, 2011a), a de facto way of classifying the interactions between poor physicaland social conditions across England. Indicators are used to calculate a deprivation scoreon a continuous scale. These values can be grouped together and ranked so that areaswith the most deprivation can be identified.
Although ranking yields ordinal data, it is not uncommon for these results to be treatedas continuous data when there are five or more categories (Johnson and Creech, 1983;Zumbo and Zimmerman, 1993). Figure 2.1 is the IMD rescaled for London, where theranks have been split into deciles, grouping the population somewhere on the scalebetween the most to least deprived. Geographic groupings of areas experiencing greateror lesser deprivation clearly emerge, which is something that could not be easilyidentified by only looking at the raw data.
The simplification of complex relationships that are found within multivariate datasets,and an incorporation of the spatial elements that exist within area classifications formthe core component of geodemographics. Geodemographics is “the analysis of people bywhere they live” (Sleight, 2004, p. 16). This is based on the concept that similar peopleare more likely to live within the same locality and that such area types will bedistributed in different locations across a geographical space. Geodemographics can beseen as formalising the relationship between people and place. As such, knowledge of anindividual’s home location can provide a great deal of insight into their identity (Vickersand Rees, 2007).
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Geodemographics actively seeks to identify patterns in multidimensional datasets togroup the population together by their various characteristics; these groupings providean overview or ‘picture’ of the population within that neighbourhood. It is considered tobe one of geodemographics key strengths that by knowing something about aneighbourhood you can infer information about an individual (Weiss, 2000; Sleight,2004). The core components of geodemographics are social similarity, independent oflocational proximity and the spatial autocorrelation of like-minded individuals. Thespatial autocorrelation embodies Tobler’s First Law of Geography that “everything isrelated to everything else, but near things are more related than distant things” (Tobler,1970, p. 236). Therefore two households located next to each other have an increasedlikelihood of sharing similar characteristics, both in terms of the physical attributes andthe residents who live inside. A core function of geodemographics is the identificationand grouping of areas that share similar characteristics but are not connectedgeographically.
Figure 2.1: Overall Index of Multiple Deprivation for London in 2010Department of Communities & Local Government, Indices of Deprivation 2010. © Crown Copyrightand Database Right 2014.
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An ever-increasingly mobile society would seem to conflict with Tobler’s Law, with ithaving little relevance beyond a local scale for geodemographics. A mobile society nowmeans that social structures are replicated in different, but not necessarily contiguousparts of the country, making Tobler’s law insufficient by itself to fully explain populationcharacteristics seen across a country. Vickers (2006), by adding a geodemographicelement to Tobler’s law, coined the first law of geodemographics as: “people who live inthe same areas are more similar than those who live in a different area, but they may bejust as similar to people in another area in a different place” (p. 16). This allows forgeodemographic classifications to be built providing summary indicators of the social,economic and demographic characteristics of neighbourhoods (Adnan et al., 2010).
The aggregations of individual and household characteristics and neighbourhoodattributes have been widely used for resource planning and allocation in both thecommercial and public sectors (Shelton et al., 2006). Geodemographic classifications, areonly as good as the data used to construct them. They contain no logic or advancedknowledge of the data they contain. They should not be used to answer a question, butrather to identify what questions should be asked. As such, they are an inductive process,or put more simply information should stem from the data and not the user (Openshaw,1994). A geodemographic classification can therefore be seen as the practical output ofthe theory that underpins geodemographics as a research field and can trace itsintellectual heritage back to the 19th century.
2.3. The History of GeodemographicsGeodemographics is considered by many to have been pioneered by Charles Booth in hisstudies of deprivation and poverty of London between 1898 and 1899. Published in 1899as the Descriptive Map of London Poverty, the London-wide study combined directobservations of poverty and deprivation indicators with visits to households. Collatingthe data meant that each street in London could be described by the general socio-economic condition of its inhabitants (Harris et al., 2005). Figure 2.2 is an extract of amap that can be considered the world’s first social area classification, showing thegeographic variability of the seven different groups identified by Booth.
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Figure 2.2: Section of Charles Booth’s 1898-1899 Poverty Map of LondonSource: booth.lse.ac.uk
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The shading used to delineate streets indicates the existence of both homogenous andheterogeneous groups, with streets exhibiting numerous characteristics combining theshades of multiple categories, in all but name creating a fuzzy classification (Harris et al.,2005). Booth’s classification was based almost entirely on subjective data sources, yetremains a good indicator of London’s social and economic landscape today with socialclass data from the 1991 UK Census indicating London has in the most part remainedunchanged (Orford et al., 2002).
The impact of Booth’s research can clearly be seen in subsequent work, such as that ofMarr (1904) on the housing conditions in Manchester and Salford. Figure 2.3 is a sectionof a map produced that divides the study area into one of ten categories. The map has asimilar cartographic approach to Booth, but with colouring of the housing blocks ratherthan the streets. The maps produced by Marr and Booth highlight an important part ofmodern day geodemographics – visualisation. Whilst it is possible to convey the resultsvia traditional means of text and statistical tables, the use of visualisations provides anoutput that can be quickly and easily interpreted by most users.
While no doubt influential, the work of Booth, Marr and their contemporaries lacked thedetailed coverage achieved in current geodemographics through the use of modern datasources. The intellectual heritage of quantitative geodemographic analysis can be tracedback to the work on urban studies by human ecologists of the Chicago School in the1920s and 1930s. The period between this and the 1970s are discussed in Singleton andSpielman (2013), where a large body of work focussing on social area analysis (Shevkyand Williams, 1949) and factorial ecology was undertaken. These methods, acontinuation of the work of the Chicago School, provide a framework for socialmeasurement to be empirically undertaken to better understand neighbourhoodcharacteristics (see Longley, 2005). The work of Shevky and Williams (1949) in LosAngeles, and that of Shevsky and Bell (1955) in San Francisco are important steppingstones towards what we know and understand modern geodemographics to be. For thefirst time they used solely statistical methods to classify areas based on their socialcomposition. This desire to generalise urban social patterning in the 1970s led RichardWebber to develop a branch of applied urban studies that he would later term‘geodemographics’ (Gale and Longley, 2013).
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Figure 2.3: Section of Marr’s 1904 Housing Conditions Map of ManchesterSource: manchester.publicprofiler.org/marr
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Geodemographic classifications emerged as a methodological solution for handlinghighly dimensional Census data (Webber, 1978). Webber (1975) constructed a socialarea study to identify deprived inner city areas of Liverpool, before moving on to creatingnational level classifications (Webber and Craig, 1976, 1978; Webber, 1977). It was atthis point that geodemographics started to dilute away from being a pure academic ledfield, with commercial interest being shown both in the UK and the USA. This trendcontinued through the 1980s, with geodemographics becoming a by-word for privatesector marketing, with a large number of different geodemographic classifications beingmade available. In the UK the release of data from the 1981 Census spurred developmentin the commercial sector, and led to the divide that still exists today between commercialand academic geodemographics, namely the use of ancillary data sources. Prior to thisperiod the sole data source for most geodemographic classifications had been nationalCensuses. The multitude of commercial companies trying to get a competitive advantagein a crowded market place meant an increased focus on providing regular updates totheir classifications and the inclusion of data sources not part of a traditional Census.These data included income, the electoral register, vehicle registration data, county courtjudgement, credit reference agency data and lifestyle data (Sleight, 2004; Harris et al.,2005). The linking of Census data with these ancillary data sources allowed forsignificantly better discrimination of consumer behaviour (Batey and Brown, 1995), andclassifications such as CACI’s Acorn (A Classification of Residential Neighbourhoods),Experian’s Mosaic, PiN (Pinpoint Identification Neighbourhoods) and Super Profilescame to the forefront.
The release of the 1981 UK Census was also significant for the academic side ofgeodemographics. It started the decennial trend of free geodemographic classificationsafter each new Census (see Charlton et al., 1985; Rousseeuw, 1987; Blake and Openshaw,1994, 1995; Vickers and Rees, 2007). Similar trends continued during the 1990s and intothe 21st century, with commercial geodemographics, at least in the mind-set of the users,leading the agenda – an outcome of their superior data resources, continuing use of moreand more ancillary data sources and well-funded marketing departments. It was fromthis perceived commercial influence that criticisms of geodemographics emerged. Goss(1995) describes geodemographic classifications as being an over-simplification ofsociety; noting that if social identity is both defined and sold by marketers then byextension it could be manipulated by them as well. This assumes that social identity isderived for consumer choices, something that Holt (1998) would seemingly disagreewith, stating that consumer choices do not automatically equate to class reproduction.
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The views of Goss (1995) are synonymous with an era of geodemographics that wasseemingly fixated on providing a tool for marketers and marketing. In the decades since,geodemographics has moved beyond this narrow viewpoint, as can be seen by thecurrent multitude of applications available.
2.4. Modern GeodemographicsModern geodemographics is a wide and varied field. The current range ofgeodemographic classifications available present a range of options for users, althoughthey are likely to come with a price tag. Singleton and Spielman (2013) identified a totalof ten national geodemographic classifications available for the UK in 2012, with all butone of them being a commercial offering. A similar pattern is identified in the USA, withnine national level geodemographic classifications, with only two of them being freelyavailable. These figures suggest geodemographics has undergone a significant shift awayfrom its academic roots. The academic led discourse remains strong, asgeodemographics is more than just a set of varying national level general-purposeclassifications; indeed such classifications are perhaps the most critiqued element of thefield. Openshaw (1983) stated that “there is no magic universal statistical test that canbe applied nor is there any possibility of deriving a classification suitable for allpurposes” (p. 245). Openshaw et al. (1980) compared two geodemographicclassifications, one on a local scale the other national and found that the resultingrepresentations from each were different.
Voas and Williamson (2001) take issue with another part of the process, that thevariation between the groups in a geodemographic classification is smaller than thevariation within each group. This would suggest that groups identified in suchgeodemographic classifications are too dissimilar to ever be considered useful. Thesolution to these criticisms is creating more bespoke geodemographic classificationsthat are driven by a particular task rather than a one-size fits all solution. This has nowbecome a possibility thanks to increases in computation power and a fall in theassociated costs. Singleton and Spielman (2013) assembled a list of publications fromthe UK and USA that applied some variation of a geodemographic classification andfound that UK academics had over double the publications in comparison with theircounterparts from the USA. The other interesting pattern to emerge is the way theclassifications were used, with Figure 2.4 detailing a list of different themes. The extentto which these studies are just applying geodemographic classifications that already
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exist, or are creating are their own bespoke classifications is unclear. What is clear is thatgeodemographic classifications are still widely used in academia, although a distinctionbetween analytical studies of existing classifications, and creating new bespokeclassifications has to be drawn.
As Figure 2.4 indicates, academic led geodemographics addresses a wide and variednumber of topics. Although this discourse is significant, it is important to focus on usersof such systems. They are more likely to be concerned with practical elements, ratherthan the number of papers published. It is likely the majority of non-commercial userschoose these geodemographic classifications because they are free, rather than selectingthem because they were constructed within an academic framework. At best this wouldbe an added benefit, rather than a primary concern. These classifications remain popularwith users, however there is only a limited number to choose between and they havereceived some criticism within the academic literature (Singleton and Spielman, 2013).The challenge is fitting the needs of users within an academic framework that seeks topush the geodemographic agenda forward. To that end Singleton and Spielman (2013)stated that “[t]he grand challenge for geodemographic systems is substantiating thatthey reflect real divisions in society, not chance grouping in the data” (para. 16). Theincreasing availability of data resources make fulfilling this criterion easier as they canbe used to construct and evaluate classifications.
The historical focus of Census-based geodemographics in academia would suggest suchsystems are at a disadvantage when compared to the offerings of the commercialcompanies. To counteract this, a shift in the way academics approach creatinggeodemographic classifications is needed, although the continued reliance upondecennial Censuses means this is unlikely to happen. An event such as ceasing atraditional Census would provide an opportunity to develop and evaluate newmethodological approaches to counteract the loss of such a valuable and reliable datasource. The Census remains the most complete data source for any geodemographicclassification, so will continue to underpin systems. This focus on Census data is likely tomean academic geodemographic classifications will continue to be less favourablycompared with commercial alternatives. If, however, there are not going to be any futuretraditional Censuses (ONS, 2013a), then whatever the replacement is will impact howgeodemographics as an academic research field functions in the future and could bringit more in line with how current commercial companies operate.
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2.5. Current Geodemographic SystemsGeodemographic classifications can be categorised into three main types. Commercialsystems that either have a mass-market appeal or offer a specialised focused variantaimed at a particular market. Academic designed systems that are not necessarily as userfocused and vary in size and scale depending on the research agenda. Finally, systemsdesigned by third parties for internal use, such as local authorities who need bespokeclassifications of their local area but are unable to pay for commercial products. The thirdcategory is most likely to go undocumented, so there is no meaningful way of knowing
Figure 2.4: Geodemographic publications by theme and regionSource: Singleton and Spielman (2013)
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how many of these exist. One exception to this has been created by Kingston upon Hull’scity council (Feldman, 2011). The two other categories are easier to document and thecurrent commercial systems available in the UK are shown in Table 2.1. This ease ofidentifying geodemographic classifications ultimately leads to comparisons between thecommercial and academic systems available. This is a natural consequence of both typesof product being available in the public domain, even if they differ significantly in theirideological approaches.
Progress in academic geodemographics is more disjointed than the seemingly smoothcurve of progress in the commercial sector. Academic geodemographic research ispeppered with well-meaning initiatives, but once the project ends and/or the fundingceases then a large number stop being supported. Outputs therefore do not tend to havea long shelf life, and any support offered for them is limited. The only exceptions to thisare geodemographic classifications made for bodies such as the Office for NationalStatistics (ONS). The convoluted nature of funding for such projects means that thequantity and quality of the research taking place at any one time fluctuates, and thisuncertainty can lead to academic geodemographics being too project focussed, and notplacing enough importance on where it sits within the wider field. This makes progresschallenging, as projects spend time going over the same ground, and only towards theend of the research process can the unique contributions be found. This is a systematicproblem in any research field as broad as geodemographics, although the extent to whichthis is a real problem is debatable. The creative freedom that exists in academia, becauseresearch agendas are not driven by the need to make a profit, could in fact be consideredan advantage that academic geodemographics has over the commercial offerings. Whilethis results in fragmented discourse, it further progresses the research agenda in waysnot possible in the commercial sector.
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The approaches taken in commercial geodemographics are directly related to theinternal forces of the commercial market they sit in. The main driver of currentclassifications such as CACI’s Acorn or Experian’s Mosaic come from the need to create aunique proprietary product within a crowded marketplace (see Table 2.1), leading todifferences between how these commercial systems – both in the outputs produced andidentifying their target audiences – are formed. The latest version of Acorn, released inearly 2013, markets itself as the most up-to-date geodemographic classification that isalso future proof (CACI, 2013a), as it no longer relies on decennial Census data. Indeed,the latest Acorn is a UK-wide classification that did not initially use any 2011 Census dataat the smallest spatial level for Scotland because none existed in the public domain prior
Table 2.1: Commercial geodemographic classifications available in the UK in 2013
Name and Company Numberof levels
Group
numbers per
level
Variables Spatial level
P2 People and Places,Beacon Dodsworth 3 14/41/157 Over 80 Smallest censusgeography
Mosaic, Experian 3 15/67/252 440 Unit postcode
Acorn, CACI 3 6/18/62 Over 400 Unit postcode
Cameo, CallcreditInformation Group 2 10/57 Unknown Unit postcodeCloud Client, CloudClient Ltd 1 15 29 Smallest censusgeography
Sonar, Redmoran 3 6/24/80 225 Postcode
Censation, Maw DataSolutions 3 5/19/53 600 Smallest censusgeographyPersonicx Geo,Acxiom 1 60 Over 400 PostcodeCitizen, MarketingMetrix 2 6/28 Unknown PostcodeAdapted from Singleton and Spielman (2013)
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to its release. This is perhaps the first example of a leading commercial geodemographicclassification releasing a new version that does not use any Census data for a largeproportion of its geographical coverage. There is no way to know this for sure as thetechnical documents containing the detailed methodologies used in the construction ofcommercial geodemographic classifications are not in the public domain, leading toLongley and Singleton (2009) to describe such approaches as “black-box”. It is howevertestament to the progress within commercial geodemographics that within a 40-yearperiod the Acorn classification has gone from being a brand attached to Webber’snational Census ward level classification (Webber, 1977), to creating a geodemographicclassification that in places does not need any Census data at all.
The extent to which methodologies of commercial geodemographic systems differremain an unknown quantity. The ‘black-box’ approach means differences can only beevaluated by looking at how each classification is structured, and by examining themarketing materials. This lack of transparency forms the basis of many academiccriticisms of commercial geodemographics; particularly as it prevents the reproductionof findings. The lack of validation makes it difficult to know if classifications form asaccurate a representation of local neighbourhoods as described in marketing materials.It is possible that a higher level of precision could be implied that may not exist, thusoverstating the capabilities of a classification. Due to a lack of transparency within thecommercial systems there is reliance placed on the providers of such classifications thattheir outputs are correct. Without detailed explanation of how such conclusions aremade users have to assume the processes are valid, and not just based on educatedguesses.
However, despite the concerns expressed relating to validity and reproducibility, thereare academics who have spoken out in defence of commercial geodemographics. Forexample Harris et al. (2005) state that in their experience commercial developers applycarefully thought out methodologies, adopt advanced methods and in some cases andhave years of experience in classification development. Consequently, they argue theonly real core difference between commercial and academic geodemographics is thelatter’s willingness to share their methodologies within the public domain (Harris et al.,2005).
Driven by commercial interests, there is no compelling reason why providers ofcommercial geodemographic systems need to release detailed information about the
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methodologies or data sources they use. The commercial sector can be seen as a driverin the uptake of geodemographic systems. Users of these systems appear to place lessimportance on openness and transparency than those in academia, instead valuingtimeliness of delivery, regular updating and increased relevance of the classifications totheir own applications. It is unlikely commercial geodemographics will ever provideenough documentation to fully satisfy those who want to know the methodologicalunderpinnings of their classifications. The role of academic geodemographics cantherefore be seen to provide transparent methodologies that clearly explain the stepstaken in creating geodemographic systems.
The recent focus in academia has been on small-scale bespoke geodemographicclassifications, such as in policing (Ashby and Longley, 2005), education (Singleton,2010) and local government (Longley and Singleton, 2009). What these have in common,with previous academic classifications, is they use data provided at a single spatial level(Charlton et al., 1985; Blake and Openshaw, 1994, 1995; Vickers and Rees, 2007). Thisdiffers from the commercial systems that use data that is provided at various spatiallevels and fit it into their models and then project characteristics down to the unitpostcode or household level (see Table 2.1). Undoubtedly the commercial approachprovides a greater level of information at the smallest scales. It however also increasesthe level of uncertainty associated with each group assignment. This is coupled with theuse of non-Census data sources, which may be easier to update but can lack the samestatistical robustness of the Census. The extrapolation of data, in particular survey data,from a small cohort to give broader coverage introduces inherent uncertainties. Theseuncertainties can then be magnified when incorporated into a classification.
The approach of the commercial sector means academia is unlikely to create like-for-likealternatives to commercial geodemographic classifications. The range of data sourcescollated at different spatial levels and applied by these companies is vast, however littleis known about their validity or spatial consistency.. The scope for creating anythingsimilar is too large with little benefit. Instead of being shackled to legacy products orbrands, academics can create variants based on the need to be open and transparent,while incorporating certain elements from commercial classifications. This is especiallyrelevant if creating a geodemographic classification designed to be used by the public.The similar structure of most commercial classifications means users have becomeaccustomed to such designs, albeit with certain elements unique to each classification.An example of this is the normal practice for classifications to come in a hierarchical
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form, with each level of the hierarchy having different number of clusters. The numberof levels to the hierarchy follows no strict guidelines, nor do the number of groups ineach. Table 2.1 shows the hierarchical structure of the current commercialgeodemographic systems available in the UK, along with the number of groups at eachlevel. Classifications such as Acorn and Mosaic both have a three-level hierarchy, buthave different numbers of groups at each level, while Cameo has a two-tiered structureconsisting of 10 and 57 groups respectively. The general lack of consensus on how tostructure or form a geodemographic classification suggests that there is no set rule onthe matter. It implies that structure and group numbers are derived more from dataavailability and user requirements (Singleton and Spielman, 2013) or expectations,rather than any statistical or analytic method.
Academic geodemographic classifications can therefore either replicate theseapproaches, or instead of re-inventing the wheel, look to the future and attemptsomething genuinely new. This forward outlook is most keenly seen with research intofuture potential data sources. The ONS Beyond 2011 programme (ONS, 2013a) has notonly got CACI’s Acorn contemplating a post-Census era, but academia as well. Recentresearch into using social media data in geodemographic studies (Adnan et al., 2013)suggests a possible new rich data source. To what extent this may be a passing interest,or a genuinely useful source of data is yet to be determined, but the creative freedomthat academia has with no commercial pressures is certainly a benefit in thesecircumstances. It is however unclear how such data sources could be used in futuregeodemographic classifications. The trade-off between robust statistics and new datasources, such as social media, that have little or no statistical basis, could lead to thedevelopment of new methods for constructing geodemographic classifications.
New geodemographic classifications tend to iterate rather than truly innovate. There iscurrently a growing movement in both the commercial and academic sides ofgeodemographics that this legacy view may not be sustainable moving forward. Therelease of 2011 UK Census data in 2013 and 2014 has checked this view for the timebeing, as the Census remains the best and most complete source to use ingeodemographics, and not using such a valuable resource would be a waste. It wouldhowever be inexcusable for any classification created during this time not to have an eyeon the future. Even if the latest developments have no direct bearing on themethodologies and data used, it is still important to understand where newclassifications will sit within the research field. It would however seem likely the current
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round of classifications either in construction or already available, both from thecommercial and academic perspectives will be the last ones to have a major reliance onCensus data, even if there are future Censuses.
2.6. The 2001 Area Classification for Output AreasThe 2001 Area Classification for Output Areas, also known as the 2001 Output AreaClassification (2001 OAC), was created in partnership with the ONS by Daniel Vickers forhis PhD. The classification was released in 2005 and has remained unchanged since then.The 2001 OAC is an example of a classification that uses only Census data in itsconstruction, in this case 2001 UK Census data.
The methodology used to create the 2001 OAC was constrained by the requirement forthe classification to fit within the wider family of ONS classifications created from the2001 UK Census, such as those for local authorities, health areas and wards. Initially 94variables were selected from key statistic tables released by the three Census agenciesof the UK; the ONS for England and Wales, the General Register Office for Scotland(GROS), now the National Records of Scotland (NRS), for Scotland and the NorthernIreland Statistics and Research Agency (NISRA) for Northern Ireland. These 94 variableswere reduced to 41 variables (see Table 2.2), with Vickers et al. (2005) giving a detailedaccount of the variable selection process. To summarise, the aim with the originalselection process was to decide upon the least number of variables that best representedthe main aspects of the UK population as captured by the 2001 UK Census. Variableswere chosen to avoid certain characteristics that can have adverse impacts on ageodemographic classification, such as being highly correlated with other variables, havebadly behaved distributions, having limited geographic variation and a lack of temporalrobustness. The final selection consisted of a combination of individual and compositevariables with the limiting long-term illness variable being standardised for the effect ofage structure (Vickers et al., 2005).
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Table 2.2: Variables used to construct the 2001 OAC
v1 % Age 0 – 4 v22 Rooms per householdv2 % Age 5 -14 v23 People per roomv3 % Age 25 – 44 v24 % HE qualificationsv4 % Age 45 – 64 v25 % Routine/Semi-Routineoccupationv5 % Age 65+ v26 % 2+ Car householdv6 % Indian/Pakistani/Bangladeshi v27 % Public transport toworkv7 % Black African, Black Caribbeanor Black Other v28 % Work from homev8 % Born outside UK v29 % Limiting long term illnessrate (Standard Illness Ratio)v9 Population density v30 % Provide unpaid carev10 % Divorced v31 % Students (full time)v11 % Single person household (notpensioner) v32 % Unemployedv12 % Single pensioner household(pensioner) v33 % Working part-timev13 % Lone parent household v34 % Economically inactive lookingafter familyv14 % Two adults no children v35 % Agriculture/fishingemploymentv15 % Households with non-dependant children v36 % Mining/ quarrying/construction employmentv16 % Rent (public) v37 % Manufacturing employmentv17 % Rent (private) v38 % Hotel & catering employmentv18 % Terraced Housing v39 % Health/social workemploymentv19 % Detached Housing v40 % Financial intermediationemploymentv20 % All Flats v41 % Wholesale/retailemploymentv21 % No central heatingAdapted from Vickers et al. (2005)
Chapter 2 – Geodemographics and Area Classification 51
After the variable selection process was complete the data had to be prepared before itcould be clustered. An outline of the procedure is summarised in Figure 2.5. A decisionwas made that the classification would not have weighted variables. Vickers and Rees(2007) explain this was a result of wanting the classification to be general purpose, andthe unpredictability potential weighting schema would have had on the relationshipbetween variables and the effect this would have on the final classification was deemedto be undesirable. Using untransformed variables led to unsatisfactory clusteringsolutions so variables were logarithmically transformed after all the values had oneadded to them to prevent zero values producing errors. This transformation was appliedto all variables uniformly, even though for three of the variables their skewnessincreased. The benefits of transforming the entire dataset outweighed any negativeimpacts on these individual variables. Variables were then standardised so each variablehad the same range and thereby the same weighting, preventing outliers from biasingthe clustering process (Vickers et al., 2005). The method utilised was rangestandardisation, opposed to inter-decile or z-score standardisation. The reasoning givenfor this choice by Vickers et al. (2005) was that inter-decile and z-score standardisationsgave too much weight to highly skewed variables; range standardisation, while itselfbeing susceptible to extreme outliers, was the most effective standardisation method forreducing the impact of outliers (Petersen et al., 2011).
Figure 2.5: Methodology of the 2001 OACAdapted from Vickers and Rees (2007)
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The 2001 OAC is a three-tiered hierarchical classification. Prior to clustering, the numberof groups for each tier were selected. These values (7, 21 and 52) were used as theyresulted in the most optimum clusters in terms of composition, geographical distributionand the proportion of Output Areas (OAs) each represented. K-means was the clusteringmethod used, after initial tests using Ward’s hierarchical clustering method (Ward,1963) in conjunction with k-means created non-uniform clusters (Vickers et al., 2005).The use of k-means rather than Ward’s hierarchical clustering was significant as it had adirect impact on the structure of the classification. Using Ward’s hierarchical clusteringwould have created a classification from the bottom-up, where each areal unit to beclustered starts off by itself and then gets grouped by lessening degrees of similarity tothe point where theoretically all the areas could be grouped together. To create a tieredhierarchy three points in the clustering process could have been chosen that reflectedthe requirements of the classification. This can be considered a more traditionalapproach to creating a geodemographic classification.
The alternative method of using k-means to make a hierarchical classification makes theprocess more computationally intensive and does not naturally lend itself to creating ahierarchy. Using k-means meant creating the top level of the classification, theSupergroup level, first, with 7 groups being found to be the optimum number. Each ofthese groups was then clustered again individually to form the middle level of theclassification, the Group level, consisting of 21 groups. These 21 groups were thenclustered individually to form the bottom level, the Subgroup level, consisting of a totalof 52 groups. Table 2.3 shows the names assigned to the Supergroups and Groups tosummarise the characteristics present within each respective cluster grouping; theSubgroups were assigned subcategorised names derived from the Group name (Vickerset al., 2005).
The naming of any clusters in a geodemographic classification is a potentially challengingtask; the names cannot be too ambiguous otherwise they risk serving no useful purposeand blend into each other. They also cannot be too specific, as this would only trulyrepresent a relatively small proportion of the population in each group. With this inmind, the ecological fallacy needs to be a constant consideration to prevent incorrect orfalse inferences being made of individual-level relationships from area-level data(Robinson, 1950). Figure 2.6 is a choropleth map of the UK showing the Supergroups ofthe 2001 OAC. For a more detailed explanation of the 2001 OAC methodology see Vickerset al. (2005) and Vickers (2006).
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Table 2.3: The 2001 OAC hierarchy
Supergroups Groups Subgroups
1 - Blue CollarCommunities
1a - Terraced Blue Collar 1a11a21a31b - Young Blue Collar 1b11b21c - Older Blue Collar 1c11c21c3
2 - City Living 2a - Transient Communities 2a12a22b - Settled in the City 2b12b2
3 - Countryside 3a - Village Life
3a13a23b - Agricultural 3b13b23c - Accessible Countryside 3c13c2
4 - Prospering Suburbs
4a - Prospering Younger Families 4a14a2
4b - Prospering Older Families 4b14b24b34b44c - Prospering Semis 4c14c24c34d - Thriving Suburbs 4d14d2
5 - Constrained byCircumstances
5a - Senior Communities 5a15a2
5b - Older Workers 5b15b25b35b45c - Public Housing 5c15c25c3
6 - Typical Traits
6a - Settled Households 6a16a26b - Least Divergent 6b16b26b36c - Young Families in Terraced Homes 6c16c26d - Aspiring Households 6d16d2
7 - Multicultural 7a - Asian Communities 7a17a27a37b - African-Caribbean Communities 7b17b2Adapted from Vickers et al. (2005)
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Figure 2.6: The 2001 OAC Supergroups
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2.7. London and the 2001 Area Classification for Output AreasThe 2001 OAC has been widely used, helped by the ONS coding some of their statisticaloutputs with the classification. Local authorities in particular have been keen users ofthe classification, for example Cambridgeshire County Council coded their Place Surveywith the 2001 OAC (Cambridgeshire County Council, 2012). Although the 2001 OAC hasbeen adopted across different geographical areas throughout the UK, there are certainlocations that are poorly represented; for example Gale and Longley (2012) identifiedproblems with the 2001 OAC’s representation of London.
Table 2.4 shows the assignments of the seven 2001 OAC Supergroups across the UK andin London only. The groups have a more even distribution across the UK compared toLondon. In London the ‘Multicultural’ Supergroup represents 56.1% of the population,and the ‘City Living’ Supergroup another 21.4%. Together these groups represent over aquarter of London’s population. Although there are the Groups and Subgroup levels ofthe 2001 OAC to help drill down the results to provide a more refined representation ofneighbourhood conditions, the casual or untrained user seeing over half of London beingdesignated ‘Multicultural’ may find this vague or even unhelpful. This problem is causedby the high diversity of London being accommodated within a national classification; inimportant respects the UK is set apart from the prevailing characteristics of its capitalcity. The numerical size of the ‘Multicultural’ Supergroup attests to this fact, while thecluster profiles of Vickers et al. (2005) identifies the average numbers of individualsdescribed as ‘Indian, Pakistani and Bangladeshi’, ‘Black’ and ‘Born Outside UK’ as key todefining this Supergroup. In a sense London is forced in with the rest of the UK in thequest to devise a ‘one size fits all’ classification, a decision that has hindered theeffectiveness of the 2001 OAC for anyone wanting to use it in London.
National classifications due to how they are normally constructed are not perfectentities. London however exacerbates the problem due to its special settlement status,with Webber (2007) providing evidence that London is unique within the UK. Webber’sstudy used the functions conceived by Hall et al. (2001) in defining urban centres to rankmetropolitan habitus in England; of which London was placed top of multiplehierarchies, in the top strata. Indeed, the assumed importance of London can beidentified in the functions used to define the central place rankings of English cities byHall et al. (2001) as one of them used was “direct train connection to London”. While thisdoes not provide any empirical evidence of London’s unique status it does show anunderstanding exists in the literature that London is different to the rest of the UK.
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The evidence would suggest therefore that London is a separate entity ingeodemographic terms as is demonstrated by Longley et al. (2011). This indicatesLondon would be better suited as being grouped together with other world cities - ratherthan as a region within the UK. Petersen et al. (2011) suggest that “nationalclassifications tend to be represented regionally by one dominant neighbourhood type”(p. 177) and that the remaining types then diminish exponentially. The steps taken byVickers et al. (2005) to create the best clustering solution for the 2001 OAC across theUK have meant London has suffered as a consequence in terms of the classificationreturning useful results for that one particular region. As London does not fit well into anationwide context this prevents the 2001 OAC from being considered to be a trulyrepresentative national classification of the United Kingdom. Petersen et al. (2011)identified two potential methods for dealing with this problem: segment the clustersfurther or create a regional classification. The solution favoured by Petersen et al. (2011)was to create a regional classification – the 2001 London Output Area Classification(2001 LOAC). This followed the same procedures as those used by Vickers et al. (2005)when creating the 2001 OAC, but used a London only dataset and created new names
Table 2.4: 2001 OAC Supergroup Distribution
2001 OAC Supergroup UK London
Blue Collar Communities 16.1% (35,837) 2.5% (606)
City Living 7.5% (16,637) 21.4% (5,174)
Countryside 12.4% (27,681) 0.1% (21)
Prospering Suburbs 21.2% (47,250) 7.4% (1,782)
Constrained byCircumstances 14.9% (33,165) 2.5% (592)
Typical Traits 18.3% (40,769) 10.1% (2,430)
Multicultural 9.7% (21,721) 56.1% (13,535)(Counts are in brackets)
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and descriptions for the clusters. Conceived at the Supergroup level, the names andfrequencies of each group are shown in Table 2.5. The distribution of the clusterassignments of the 2001 LOAC resembles that of 2001 OAC at a national level, as thespread amongst the groups is fairly even. Figures 2.7 and 2.8 are choropleth maps of the2001 OAC in London and the 2001 LOAC. Visually they are distinct classifications, and ata basic level this can be considered a satisfactory improvement if the desire is for aclassification that only represents London and cannot be compared to a nationalequivalent.
Table 2.5: 2001 LOAC Supergroup Names and Distributions
2001 LOAC Supergroup Frequency Percentage
Suburban 2,506 10.4
Council Flats 3,678 15.2
Asian Quarters 2,716 11.3
Central District 3,409 14.1
Blue Collar 3,114 12.9
City Commuter 3,542 14.7
London Terraces 5,175 21.4
Total 24,140 100.0
Adapted from Petersen et al. (2011)
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Figure 2.7: The 2001 OAC in London
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59Figure 2.8: The 2001 LOAC
60 Chapter 2 – Geodemographics and Area Classification
The rationale for the 2001 LOAC provokes wider questions of motivation, specificationand estimation of open geodemographics. For example, the motivation to create the2001 LOAC was based upon the results of the 2001 OAC in London not being asrepresentative as they could have been. The 2001 LOAC is not the only example of aregional geodemographic classification existing for this reason; Kingston upon Hull’s citycouncil, as previously mentioned, has created its own classification (Feldman, 2011). Inthe commercial sector CACI released the research tool ‘London Segments’ in 2009 (CACI,2009) that uses the same methodology as its Acorn classification. The developments thathave occurred in the time between the release of the 2001 OAC and the 2011 UK Censuswould indicate the rise in popularity of regional geodemographic classifications. It islikely that this perceived shift is a result of users identifying shortcomings with thenational classifications available, and needing something more tailored to their specificneeds.
The release of the 2011 UK Census data is likely to see a shift back towards favouringnational classifications, at least in the short term. The reasons for creating regionalclassifications may vary. For example, it can be argued creating the 2001 LOAC was anecessity to have a good geodemographic understanding of London. This may not alwaysbe the case, as results from the 2011 UK Census shows that the rest of England and Walesis becoming more ethnically diverse like London (ONS, 2012b). While this would indicateLondon becoming less unique within England and Wales, it is still likely to exhibitcharacteristics not found elsewhere in the country for the foreseeable future. The extentto which these characteristics would warrant their own classification remains unknown.How new national classifications cope with London will in part decide if new versions ofclassifications like the 2001 LOAC are warranted. If they are not needed in the same waythe 2001 LOAC was, then these classifications switch from being a necessity to being acomplementarity geodemographic tool to national classifications.
2.8. Potential Pitfalls of GeodemographicsGeodemographics has many advantages in the way it summarises multidimensionaldatasets. These advantages outweigh the negative aspects, as seen by the continueddevelopment of geodemographic applications. The negative aspects cannot however beignored, as they can create barriers in the successful development of geodemographicapplications. These issues range from general points that that can apply to any fielddealing with spatial data, to more specific points that relate only to geodemographics.
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2.8.1. The Ecological FallacyGeodemographic classifications are generalisations. The average characteristics derivedfrom multiple inputs are by their nature not individual level data, and this is taken to bethe best representation of the resident population. The lack of any information at theindividual level means making inferences about a person’s characteristics from wherethey live and not from direct observations. If an individual lives in an area that contains70% student households this does not mean they themselves are a student, although thechances of this being true are much higher than if they lived in areas that contained only10%. Additionally, if two variables at the aggregate level had a high correlation, it doesnot mean the same relationship can be inferred at the individual level. For example if anarea has a high level of persons aged over 45 and high levels of marriage, it does notmean every person aged over 45 is married, or that individuals under 45 cannot bemarried. Furthermore, the same problem can occur when inferring relationships fromhigher aggregation levels to lower aggregation levels. If a local authority had anunemployment rate of 20%, it does not mean that every town or city that falls within itsboundary is the same. The actual rates of unemployment in such locations could in factbe higher or lower than the 20% figure. The only thing known for certain is that theaverage of all areas within the boundary will equal 20%. The ecological fallacy cantherefore be defined as either the erroneous inference of relationships from theaggregate to the individual level, or from any higher aggregation level to a loweraggregation level (Robinson, 1950).
The dangers of the ecological fallacy and geodemographics are well documented in theliterature (Birkin, 1995; Harris et al., 2005). By design geodemographics appears guiltyof making erroneous assumptions that individuals living in an area share the generalcharacteristics of the overall population. From an ecological fallacy standpoint howeverit is not geodemographic classifications that cause problems, rather, it is the way theyare interpreted. Webber (2007) illustrated that there are distinct groups inhabitingareas of inner London that cannot be found elsewhere in Britain, while Butler andRobson (2003) suggest London’s middle classes distinguish themselves from the middleclasses of other cities. If such areas do exist at a local scale then any distinctions theseresidents may make about their own placing on the social hierarchy are unlikely to berepresented at a national level. This is why “one should take care to avoid inferring fromthe geodemographic description that all residents share the overrepresentedbehavioural characteristics that distinguish one type of neighbourhood from another”(Webber, 2007, p. 206).
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Geodemographic classifications operate on the simple fact that areas that have apopulation with certain characteristics are more likely to contain individuals with thesame traits. Deviation away from this interpretation of results is what can createecological fallacy issues. The only way to avoid any prospect of an ecological fallacywithin geodemographics would be to utilise individual, rather than aggregated, data. Thedifference between using such data sources to form geodemographic classifications isthat aggregated data emphasise geographical concentrations, while individual data areaspatial (Openshaw, 1984a) and only available at coarser levels of geography in order toprotect respondent confidentiality.
2.8.2. The Modifiable Areal Unit ProblemThe Modifiable Areal Unit Problem (MAUP) refers to how raw data can be aggregated indifferent ways to produce different results. The MAUP phenomenon was first identifiedby Gehlke and Biehl (1934) who identified that the correlation coefficient of malejuvenile delinquency differed depending on the scale of aggregation, however the termMAUP was first coined by Openshaw and Taylor (1979). The literature on the subject hasstudied the complexities of MAUP (Openshaw, 1984b; Fotheringham and Wong, 1991;Tranmer and Steel, 2001), with it being considered a fundamental geographic problemthat can impact all studies of spatially aggregated data (Wrigley, 1995). MAUP itselfconsists of two components: the scale effect and the zoning or aggregation effect. Thescale effect relates to how the scale at which data are represented impacts upon theresults of analysis and interpretation and is defined by Jelinski and Wu (1996) as “wherethe same set of areal data are aggregated into several sets of larger areal units, with eachcombination leading to different data values and inferences” (p. 129). The zoning effectrelates to how a study area is divided, and how different arrangement of zones, even atthe same scale with no large variation in size or shape, can lead to different results.
The degree to which the MAUP can impact upon the results of geodemographicclassification is dependent on the selected areal units. Openshaw and Rao (1995)achieved correlations between unemployment and households with no car ranging from-1.00 to +1.00 by modifying the size and shape of the areal units. Although, another wayof looking at it is that one correct result was hidden by all the incorrect values. The studyundertaken by Openshaw and Rao (1995), and many similar, set out to explicitly modifyareal units to achieve such seemingly alarming results. It is unlikely that data aggregated
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to pre-existing geographies, such as wards, would lead to such extreme results, despitethe fact that the majority of these geographies were not optimised for the release ofstatistical outputs. Geodemographic classifications that utilise Census data releasedsince 2001 in the UK have an advantage in this respect. Prior to 2001, the majority ofCensus data released at the smallest spatial level used arbitrary spatial units designedfor statistical collection, not statistical data distribution. With no natural or meaningfulboundaries the size and shape of the spatial units exhibited wide variation in their socialhomogeneity. As a result, the MAUP would have been a valid concern for any statisticalanalysis, opening any conclusion drawn to potential criticism. Since 2001 the smallestspatial units used to release UK Census data have been created using an automatedzoning procedure (AZP), first developed by Stan Openshaw (1977). This techniquecreates zones using a set of predetermined requirements (such as minimum populationlevels), eliminating the ambiguity of arbitrary created equivalents. Using AZP ensuresthe spatial units used represent the optimum arrangement in terms of size, shape andsocial homogeneity in the majority of cases.
As a potential source of error that can affect any spatial study that utilises aggregate datasources (Unwin, 1996), MAUP could have a detrimental impact on geodemographicclassifications. The use of geographies constructed using AZP help to mitigate anynegative impacts in modern day geodemographics. Data that are pre-aggregated to thesmallest spatial level of these geographies represents an optimum source. The datacannot be aggregated down to smaller spatial levels, and the final zone design is asoptimum as possible (based on the original design criteria). In many aspects utilisingthese geographies for a geodemographic classification eliminates the negative impactsof MAUP. The creation of standard geographies designed to fulfil a set of clearly definedrequirements means there can be no argument they represent an optimal outcome, andtherefore can be considered ‘correct’. It is however important to note that any changesto the design criteria would likely lead to a completely different set of geographies, whichwould impact on the composition of a geodemographic classification. MAUP thereforehas a greater impact on the creators of geographies, rather than those who use them.
2.8.3. Validity of GeodemographicsThe term ‘geodemographics’ was coined in the 1970’s, as discussed in Section 2.3, andover the past 40 years geodemographic classifications have been widely used across theUK. However, some would argue that the research field is not particularly informed by
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theory (Flowerdew and Leventhal, 1998) and in the mid-nineties it was recognised thatthere had been little ‘hard evidence’ to prove that geodemographics actually ‘worked’(Harris et al., 2005). This led the Census and Geodemographics Group (formerly theCensus Interest Group) of the Market Research Society to conduct a thorough study,which became known as the Luton Case History and provided evidence to demonstrategeodemographics success. The extent to how much a geodemographic classification maybe criticised for lacking scientific theory can be mitigated if the final outputs areperceived to be of use, by providing an accurate representation of a population’scharacteristics.
The importance of knowing if geodemographics ‘works’ can be argued to be dependenton who uses the systems. Businesses who use the commercial products do not needevidence to show how a geodemographic classification is formulated or even works, asthey only need to justify decisions made internally. Contrast this with academic andpublic sector users, and justification becomes more important. It is not enough just tohave a classification for such users, it is important to know if decisions made can standup to scrutiny and be backed up by statistical logic.
Some argue a geodemographic classification is a reflection of the past, rather than anycurrent or future conditions. The rationale behind this is that the data used to constructthe classifications is always dated before it becomes available. The time between the lasttwo Censuses in the UK being held and the first data release occurring has rangedbetween 18 months and 2 years, with the full release of all the data occurring around 3years after Census day. During this period changes caused by the UK’s population movingeach year are not recorded.
There is a perception that there is a significant negative impact on a classification whenit is built using data that could be seen as ‘out of date’. This view is emphasised bycommercial operators, as they want their regular use of ancillary data sources forupdating their classification to be seen as the key advantage of their product. The conceptthat change is a constant process is correct, but it needs to be defined from ageodemographic perspective. Just because there is large population churn occurring atthe smallest spatial level does not automatically equate to a classification becominginvalid. Sleight (2004) suggests this change does not matter as certain types of peoplewill always dominate certain areas and as people move out similar people move in. Thisaccounts for short-term fluctuations in the social compositions of an area. In the longer-
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term, the creation of a regional geography of Britain using surnames by Longley et al.(2011) has shown, with the possible exceptions of Britain’s urban conurbations, that alarge proportion of the British population has remained settled for at least 600 years.
The notion that the denser populated urban areas are likely to experience the mostchange is unsurprising. The population of London increased by 12% between 2001 and2011 (ONS, 2012c), but as shown by Orford et al. (2002), temporal change appears to besuperficial with little impact on the effectiveness of classifications. Additionally,complete changes to neighbourhood composition and their geo-social hierarchy wereunlikely to have happened, except in places where significant redevelopment hadoccurred resulting in change to the social construction of residents, like that in theLondon Docklands. Although it seems counterintuitive with so much change occurring,geodemographic classifications can none-the-less be deemed as relatively stable. Therelative social patterns of areas are however for the most part stable, and have beenstable for decades (Harris et al., 2005). As such, using data that is several years old doesnot significantly impair the enduring relevance of geodemographic classifications.
2.8.4. User EngagementHistorically, users of geodemographic classifications have had limited say in how suchsystems were created. The 2001 OAC for example did not include any formal userconsultation on how the classification should be formed and what the outputs should be.Recent attempts to rectify this position have been trialled, with the concept of‘consultation shaped geodemographics’ found in Longley and Singleton (2009) as part oftheir e-Society classification. The e-Society classification divides neighbourhoods inGreat Britain based on the levels of awareness of information and communicationstechnologies, usage patterns, and attitudes to their effects upon quality of life. Their useof consultation was limited to a validation exercise of the e-Society classification usingthe Internet. During the 13 day period the consultation ran for the website received79,051 hits and 3,952 feedback responses, indicating an interest amongst certainmembers of the public to engage with geodemographics. This achievement should betempered with the observation that, as Jones (1999) and De Vaus (2002) note, internetsurveys are susceptible to self-selection and response bias.
Advertising the existence of geodemographic classifications to the general public createsa different issue, exposing the names and descriptions used for the groups to wider
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critique. Vickers (2006) describes this as perhaps the most important part of anyclassification, and the inevitable consequence of more people having access toclassification descriptors is greater disagreement. This highlights the importance ofphrasing when deciding upon names and descriptions. The challenge is providingaccurate names and descriptions that reflect the likely characteristics of the population,but without potentially causing offence. A geodemographic classification is not to tell apopulation who they should be, but is a product of who they are, and the names anddescriptions should reflect this. The only way this can happen is with public consultationand validation. This process is not repeated by commercial systems, and is an area whereacademic geodemographics can actively engage with a user base.
A geodemographic classification should be a mixture of consultation on what theclassification should be, to make sure you are creating something that is wanted inaddition to user validation to ensure the final product meets those requirements. Thisvalidation should relate to all aspects such as the number of groups and not just theirnames and descriptions. Modern geodemographics, especially in academia, are ideallyplaced to meet these requirements and make the process of creating a classification amuch more interactive and cooperative endeavour, with fully documented reasons fordecisions made being an important part of an open and transparent agenda. Longley andSingleton (2009) have shown there is a desire for the general public to engage withgeodemographics, and Vickers and Rees (2007) have shown that ground-truthing ofclassifications can play an important role in validating their conclusions. This open andtransparent approach, in contrast to the closed approach taken by the commercialoperators, demonstrates that just because something works well from a businessperspective does not mean alternative approaches to geodemographics cannot exist.
2.9. Conclusions and Research AgendaArea classification and geodemographic research dates back over 100 years to CharlesBooth’s study of London towards the end of the 19th century, although it can be arguedthat the intellectual heritage of geodemographics actually begins in the 1920s and 1930swith the work on urban studies by the Chicago School. These conceptual beginnings ofurban ecology and social area analysis provide a framework for social measurement tobe empirically undertaken to better understand neighbourhood characteristics. Thedesire to generalise urban social patterning in the 1970s led Richard Webber to developa branch of applied urban studies that would later be termed ‘geodemographics’. While
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initially devised for use in the public sector, successful geodemographic applicationsdeveloped most rapidly in the private sector, using proprietary solutions such as CACI’sAcorn and Experian’s Mosaic. Despite their cost, commercial geodemographic productssuch as these dominate the UK market and are widely utilised across multiple industries,in part because ancillary sources are used to enrich and update the classifications. Manyusers equate ‘frequently updated’ with being more accurate and therefore assume theseoptions are the best ones; despite the origins of some of the ancillary sources remainingunknown (Experian, 2010; CACI, 2013a). The provision of incremental updates over timeis the focus of much hype within the marketing of commercial classifications. However,the 2001 OAC offers an alternative to the commercial products (Vickers and Rees, 2007).The 2001 OAC is freely available in the public domain providing a national levelclassification built at the small area level and is the outcome of a well-documented,transparent and easily replicable methodology. The classification relies solely on datafrom the 2001 UK Census and therefore, unlike the commercial packages, it does notadopt any inter-censal updates..
Vickers and Rees (2007) note that the real advance that the 2001 OAC made was therealisation that such a classification could be built using freely available data and providea viable alternative to commercial equivalents. Since the release of the 2001 OAC,academic geodemographics has focussed more on bespoke variations of classification inresearch, some of which has dealt with the problems of the 2001 OAC as identified byGale and Longley (2012). The release of 2011 UK Census data provides an excellentopportunity to address issues of the 2001 OAC by creating a new national levelclassification at the smallest spatial level. Consultation and validation are importantcomponents of this, and would add more validity to the final system and make the entireprocess less authoritarian. There is also an opportunity to acknowledge the growingdesire to create bespoke variations by creating a methodology that will be freelyavailable, as well as easily adaptable to different datasets and requirements. Theseconcepts also have the benefit of lending themselves to any future developments ingeodemographics, such as the use of non-Census Open Data. For concepts such as theseto be successful there is a need to move beyond what the 2001 OAC offered in terms ofproviding a transparent methodology, and actively encourage the practical side ofcreating geodemographic classifications by using free open source software like R (RDevelopment Core Team, 2011). This would not only allow for bespoke variations of theclassification to be made more easily, but should allow reproduction of the new
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classification. This forms an important part of academic geodemographics: the ability tocritique classifications, both how they are made and their final outputs.
Creating any new geodemographic classification does not mean creating carbon copiesof previous systems, or mimicking the features found it current iterations. The use ofancillary data sources to regularly update classifications is the feature that separatescommercial and academic geodemographics the most. It should not be the place ofacademic geodemographics to provide a replica of this approach, and developers shouldinstead seek different ways of dealing with the change that does take place, even if themajority of this is unlikely to have any impact from a geodemographic perspective(Orford et al., 2002; Longley et al., 2011). The creation of a new open geodemographicclassification provides an opportunity for methods to be devised to deal with this change.This should act to encourage the continued use of a classification for an extended periodafter its release, something that did not necessarily happen with the 2001 OAC.
This project is an opportunity to build on the success of the 2001 OAC, address some ofthe problems identified in the literature, incorporate recent advances in computing andGIS and provide a new geodemographic classification born out of academia that seeks toaddress the needs of all users and observers of the field and move the research agendaforwards. The main aim of the project can be summarised as creating a newgeodemographic classification of the UK at the smallest available spatial units of analysis.This in turn can be further divided into a set of more specific goals:
 Creating a new open, transparent and reproducible methodology that can beadapted and applied in different scenarios to aid the creation of bespokegeodemographic classifications.
 Consult with users to determine what their requirements are for theclassification.
 Develop visual and descriptive outputs to facilitate users understanding of theresults produced by the classification.
 Validate the classification once complete to assess the final outcome.
 Explore alternatives to using ancillary data sources to update geodemographicclassifications that highlight the temporal stability, or otherwise, of residentpopulations.
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Chapter 3The Census and Open Data
3.1. IntroductionThis chapter introduces the UK Census and Open Data as the potential data sources forthe new small area classification of the UK. Section 3.2 details the history of the UKCensus, and how it is unparalleled as a data source in terms of population coverage andthe breadth of questions asked. The different release schedules of the three Censusagencies responsible for disseminating the 2011 UK Census are explained, and what thismeant for creating the new UK-wide small area classification in a timely manner. Thequality of the data is also examined, and the steps taken to guarantee that it is the mostrobust and accurate dataset available, something which is particularly important from ageodemographic perspective. Section 3.3 looks at the geographies used to disseminatethe Census, and how these have changed over time. It explains their current hierarchicalnature, and the differences between the three Census agencies. Section 3.4 examines thepossibility of the 2011 UK Census being the last of its kind, and what the future may befor small area statistics in the UK, with particular reference to the impact this may haveon geodemographic applications.
Section 3.5 explores the future of Open Data in the UK, and how the release of small areastatistics form a relatively small part of this politically motivated agenda. Section 3.6looks at possible data sources that could be available from commercial companies, andhow they could be used in geodemographic classifications. Section 3.7 draws togetherthe theme of Open Data and geodemographics, and how it is not as new a concept as itmay seem. It also examines how realistic it is to use non-Census Open Data sources atpresent, and the positive and negative effects this could have on geodemographicclassifications. Section 3.8 draws together the points raised about the use of Census dataand Open Data, and provides an outline for the data sources used in creating the newsmall area classification of the UK. Section 3.9 examines the issues around the late releaseof 2011 Census data for Scotland at the smallest spatial scales, and the impact on creating
70 Chapter 3 – The Census and Open Data
the new UK-wide classification. Finally Section 3.10 draws all these points together,indicating how the research can progress.
3.2. The UK CensusThe Census is the most complete data source holding demographic and socio-economiccharacteristics for the UK (UK Data Service, 2013). This information is used by thegovernment, private companies, in academia and by the voluntary sector for multiplepurposes. For example: in informing governmental policy-making and fundingallocation; in providing a benchmark dataset, in identifying and targeting disadvantagedareas and in informing and supporting research agendas. Information derived from theCensus is also a valuable tool for marketing companies and business planners (Raper etal., 1992). This wide use of Census outputs indicates that the Census has continuedimportance across multiple disciplines, in addition to its value for geodemographics.Almost all UK geodemographic classifications created since the 1970s have utilised someelement of Census outputs, and the 2001 OAC relied on the 2001 UK Census as its soledata source (Vickers and Rees, 2007).
The first UK Census was carried out in 1801 and has taken place every ten years since(with the exception of 1941 due to World War II). The most recent Census was conductedon the 27thMarch 2011 by three organisations; the Office for National Statistics (ONS) forEngland and Wales, National Records of Scotland (NRS – formally the General RegisterOffice for Scotland or GROS), and the Northern Ireland Statistics and Research Agency(NISRA). Although remarkably similar, each Census agency had slight variations in thequestions asked. The most notable differences related to the languages spoken, reflectingthe geographic variation in the topic across the UK. In England and Wales 56 questionswere asked, a 37% increase compared to 2001. There was also an increase in the numberof questions asked in Scotland and Northern Ireland, with the addition of questionscovering language, national identity and second addresses. Additionally, some questionswere expanded, such as ethnic groups, which included ‘Arab’ for the first time. However,following the 2007 test Census, questions asking respondents directly about theirincome were dropped (Collins et al., 2010).
The basic set of questions asked led to a complex set of results. The questions had amultitude of possible answers, ranging from only a few options per question to over onehundred. These could be tabulated individually, or cross tabulated with other responses,
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creating large multidimensional datasets. Such a vast amount of data requires processingand quality assurance – a time consuming process. Each Census agency releases theirdata individually, which means that the datasets providing coverage of the entire of theUK are not available simultaneously.
Table 3.1 indicates the release schedule of the Census data across the UK. Release of datafrom each agency is done in stages, and within these stages are multiple phases. Thisrolling release schedule allows the simpler forms of data, such as univariate statistics, tobe processed and released first; and the more complex datasets, such as the multivariatestatistics, to be published later. Variations in this approach do exist between the Censusagencies, but each release stage broadly covers the following topics:
 First release: Base population statistics relating to age and sex of residents
 Second release: Univariate statistics
 Third release: Multivariate detailed characteristics
 Fourth release: Multivariate local characteristics
The second release stage was of the most interest to geodemographics applications andto the new small area classification of the UK. Univariate statistics (counts of a singleattribute per spatial unit) are the type of data that drive geodemographic classifications.To utilise Census data to create a UK-wide classification requires full geographicalcoverage at the smallest spatial scale. The first data were released in England and Waleson the 30th January 2013, on the 30th January 2013 and 28th February 2013 in NorthernIreland and the 18th December 2013 in Scotland. This delay in receiving the Scottish datacaused a significant delay in the use of the latest Census data to construct the new UK-wide small area classification.
Table 3.1: The release schedule for 2011 UK Census outputs
Country First ReleaseStage
Second
Release Stage
Third Release
Stage
Fourth
Release StageEnglandand Wales 16th July 2012 11th December2012 16th May 2013 31st July 2013Scotland 17th December2012 26th September2013 27th February2014 N/ANorthernIreland 16th July 2012 11th December2012 16th May 2013 20th March2014(Dates denote first phase of each release)
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3.2.1. Data QualityThe quality of Census data is high, but there are several issues that relate to how the dataare collected and processed. Firstly, it is a legal requirement to complete the Census inthe UK. However, no Census is ever a complete enumeration of the population (Simpson,2003; Martin, 2010). Knowledge of the issues relating to the overall quality of Censusoutputs are vital.
The complex nature of social change has made undertaking a modern Census moredifficult. As a result, response rates are harder to maintain, with undercounting of thepopulation to be expected (Plewis et al., 2011). The 2001 and 2011 UK Censuses utilisedthe same basic method of completing a total population enumeration, and then used theCensus Coverage Survey (CCS) to adjust for any undercount (ONS, 2012d). The CSS wasa small-sample voluntary survey to measure the coverage of each Census. It was used toestimate the population counted and missed, and the final counts were adjustedaccordingly (ONS, 2012e). The CCS acts to reduce bias population estimates, as thosewho were originally missed by each Census are likely to be different from those whowere enumerated (Plewis et al., 2011). In addition to this, imputation was required forresponses that were incomplete.
The 2001 and 2011 UK Censuses shared the same basic methodology, but differedprocedurally in areas such as data collection. This is in part due to inadequaciesidentified with the enumeration of the 2001 UK Census, with the most noticeableproblems occurring in Manchester and the London Borough of Westminster. These twolocations suffered large under-enumeration, with 26,200 and 17,500 missing people forManchester and Westminster respectively (ONS, 2004a). Reasons for this significantunder-enumeration in Westminster include difficulty in finding and accessingproperties, a low awareness of the Census by the population, and a significant proportionof the population not speaking English as their first language (Pharoah and Rowe, 2010).Issues with 2001 UK Census enumeration were not isolated to these two locations.Trends such as young people, especially young males, being less likely to complete theirforms when compared to other parts of society were identified (Simpson, 2002).Additionally, individuals who were in the UK illegally were less likely to complete theirforms due to fear that the data would be used against them (ONS, 2005). The overallresponse rates were 94% in England and Wales; however, 12 Local Authorities hadresponse rates lower than 80%. These Local Authorities were all boroughs in London,with Kensington and Chelsea having the lowest response rate at 64% (ONS, 2004b),
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suggesting that urban areas are more likely to see patterns of low enumeration incomparison to rural locations.
The 2011 UK Census aimed to achieve better coverage than the previous Census at theLocal Authority level, by addressing previous enumeration failures. The overall target inEngland and Wales was to achieve a 94% response rate, with at least an 80% responserate for each Local Authority (ONS, 2012f). To achieve this the ONS moved away fromenumerators hand-delivering Census forms, to using a central address register and theRoyal Mail to post forms. Additionally, the Census form could be completed online forthe first time; although only 16% of responses were submitted this way (ONS, 2012g).These less labour intensive methods (in terms of enumerator fieldwork) utilised for the2011 UK Census, coupled with knowledge that 92% of Local Authorities achievedresponse rates of 90% or higher for the 2001 Census, meant the ONS could allocateincreased resources to areas that were predefined as the hardest to enumerate inEngland and Wales. Areas, such as Westminster, therefore, had tailored approaches thattook into consideration the issues likely to cause under-enumeration. This targeting ofproblem areas was effective as the response rates for Local Authorities in England andWales ranged from 82% to 98%, with an overall response rate of 94%. However, theseheadline figures can hide large variations within Local Authorities themselves, withsome areas likely to have had much lower overall response rates than 80% (Plewis et al.,2011). Responses also varied by the categories described in ONS (2012f), with the lowestresponse rate coming from residents in Basildon, Essex who lived in a caravan or othermobile or temporary structure, where only 16% responded.
High response rates are key to accurate estimation of the number and location of thosemissed by the Census (Abbott, 2009). The proactive approach used in the 2011 UKCensus to obtain universally higher response rates meant that extreme cases of under-enumeration as seen in Manchester and Westminster in 2001 were not repeated, and asa result less imputation was required. The increased reliance on true respondent data,rather than estimated data can therefore be considered to create a more accurate datasetfrom the 2011 UK Census in comparison to previous Censuses.
Over counting is another issue that can impact the quality of the Census data. This canoccur when an individual is counted as being resident at multiple addresses, or if afictitious person is recorded as residing in a household on Census day. Historically,overcount has not been considered a significant issue in England and Wales (ONS,
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2012h). Results from the 2001 Census in England and Wales suggest a double countingrate of 0.4%, or 1 in 250 residents, with two-thirds of these likely to be caused bystudents having been enumerated as resident at their home and term-time addresses(Plewis et al., 2011). It was however anticipated that the 2011 UK Census would showincreased instances of overcount, with estimations ranging from 0.5% to 1% (300,000to 600,000 individuals), with the greatest propensity again caused by students (Largeand Brown, 2010). The basis of these assumptions were largely due to changes in datacollection methods and social behaviour, such as second homes causing duplications(ONS, 2012h). The final estimation of overcount in England and Wales was 0.6%, or352,000 people (ONS, 2012h), considerably smaller than the 6% of missing respondents,but a figure which still required adjustment in the final estimations.
The overall quality of Census data is therefore a product of both under enumeration andover counting of residents. Following the 2011 UK Census the net under coverage forEngland and Wales was around 5.4% before any adjustments were made as a result ofthe CSS or any other quality assurance process. The increased response rates, andrelatively low increase in over counting means, in England and Wales at least, that the2011 UK Census can be considered more robust and accurate when compared toprevious Censuses. As a data source detailing the general characteristics of thepopulation, it cannot be surpassed and is ideal for continued use in geodemographics.
3.3. UK Census GeographyAs the outputs of any Census are inherently geographic, spatial units that adequatelyreflect this are required to disseminate results. Disseminating the data of any Census isa complex task with a myriad of geographies available to use, each with their own uniquehierarchical compositions. Hierarchies such as administrative, electoral and postal allfulfil different purposes, and vary in degrees of suitability for disseminating statisticalcontent. Electoral geography for example is designed to facilitate polling inneighbourhoods at the finest granularity, with different constituencies used for local,national and EU elections. The boundaries of such constituencies are often controversial(The Boundary Commission for England, 2013). Spatial units designed to facilitateeffective hand delivery of Census questionnaires by Census enumerators, ‘enumerationdistricts’, were also used to report Census results up until 1991 in England, Wales andNorthern Ireland, and 1981 in Scotland. Enumeration districts (EDs) were thus used forboth data collection and publishing the results of each Census. EDs were designed to nest
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within the higher administrative geographies of wards (postcode sectors in Scotland)and parishes (communities in Wales) (Martin, 2002a), and to equalise the workloads ofthe enumerators covering each area. A result of this was that EDs, like many other arealunits, bore only a limited relationship to the social, economic and demographicdistributions of characteristics of local populations (Openshaw, 1984a), and exhibitedlarge variations in size and social homogeneity (Martin, 2000). This meant that each EDwould often span marked social divisions (Morphet, 1993).
The unsatisfactory nature of EDs led to the creation of new spatial units for the 2001 UKCensus, called Output Areas (OAs). Unlike EDs they were created after the Census tookplace and were designed specifically for the statistical release of data. They formed thesmallest spatial element of Census geography for the 2001 UK Census, and thereforebecame the primary unit of dissemination. A geographical hierarchy was formed (seeFigure 3.1) by the aggregation of OAs together to create Super Output Areas (SOAs). InEngland and Wales these were split into two layers, Lower Layer Super Output Areas(LSOAs) and Middle Layer Super Output Areas (MSOAs). A third level, Upper Layer SuperOutput Levels (USOAs) were also made available for Wales. In Northern Ireland solelySOAs were constructed. In Scotland a similar approach of aggregating OAs together wasundertaken to produce Data Zones (DZs) and Intermediate Zones. These geographieshave remained for the 2011 UK Census, with only minor alterations and changes interminology taking place.
An understanding of Census data geographies is important when considering them as asource for geodemographic classifications, as data at the finest spatial scale arepreferable. UK Census geography remains complex, mainly due to the three differentagencies responsible for creating their own variants. Some differences exist (see Sections3.3.1 and 3.3.2), and knowledge of what these are, both between countries and withinthe hierarchies is important (Rees et al., 2002). It is also important to consider non-Census datasets that are made available using the same Census geographies. WhileCensus geographies were born out of the Census, they are now used as the default spatialunits for disseminating other data as well, made available by the government andstatistical agencies of the UK through websites like Neighbourhood Statistics. Animportant consideration is therefore how these multiple datasets that use Censusgeographies coexist, and how they can be utilised most effectively.
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Figure 3.1: UK Census Geography in 2001 and 2011
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3.3.1. Output Areas and Small AreasOutput Areas (OAs) were first created by the GROS for use with the 1991 Census inScotland. They were built from postcodes, and designed to match the EDs used inprevious Censuses as closely as possible. Built using a GIS and manual intervention, theywere considered for use in England and Wales, but the Office for Population, Censusesand Surveys (OPCS) concluded that it would be ineffectual to reproduce such a manualand time consuming process for a much larger set of postcodes (Vickers, 2006).
The solution for England and Wales was the adaption of the automated zoning procedure(AZP) (Openshaw, 1977) by Professor David Martin. Using an AZP method, adjacentpostcode areas in England and Wales could be grouped together, depending on setcriteria, to provide full and continuous geographical coverage. Three statistical criteriawere used to optimise the OAs: 1) population size controls to reduce inter-OA variance,2) maximise social homogeneity, and 3) the shape must be as compact and as circular aspossible. In addition to these criteria, OAs were designed to be constrained by obviousboundaries, such as major roads, and to nest within administrative geographies.Thresholds were also placed on the minimum numbers of residents and households perOA in an effort to ensure confidentiality of the data. The AZP used the set criteria andthreshold values to swap postcode areas between OAs until an optimum was reached.For a full overview of the methodology used to create OAs, see Martin (1998, 2000,2002a, 2002b) and Martin et al. (2001).
The 2001 UK Census provided the first opportunity for OAs to be used by all three Censusagencies. Although they were designed and constructed after the Census took placeunlike the previous EDs (Martin, 2002a), their use in dissemination across the UK wasnot uniform. This was due to the three Census agencies being responsible for their ownzoning procedures. As such, there were differences between the agencies (ONS, 2013b),with the ONS and the NISRA adopting a different minimum number of residents andhouseholds to the GROS (see Table 3.2). The differences found in Scotland were a resultof a desire to keep the 2001 OAs as comparable with the 1991 OAs as possible. Inaddition to this, OAs in Scotland were explicitly designed to avoid mixing urban and rurallocations together. The result of these methodological differences can be seen in Table3.2, where the variations in the average population and number of households can beseen between the constituent countries of the UK.
78 Chapter 3 – The Census and Open Data
The use of the AZP to create OAs was no doubt an improvement for disseminationpurposes compared to the previously used EDs, but did create some issues. OAs providefull geographical coverage, but the Census only relates to the population, and morespecifically the night-time locations of the population. As such, non-residential areas,such as industrial parks, had no population data, but were still assigned to an OA. In orderto meet the set criteria and meet the minimum thresholds, this resulted in very large (interms of geographical coverage) OAs being formed. This was also true for anygeographical features that had no resident population, such as large water bodies, asthey still needed to be attached to a minimum number of residents and households. Theopposite problem existed for large populations that shared the same postcode unit, suchas university halls of residence, where because of the shared postcode they could not bebroken down into smaller OAs. Finally, because OAs apportion a 3D world into 2Dshapes, this caused particular problems with tower blocks which typically house largepopulations in a small geographic area that cannot be divided accurately in twodimensions. Each tower block was therefore given its own OA, irrespective of socialhomogeneity, leaving certain OAs with very high population densities and likelycandidates for outliers in geodemographic classifications (Martin, 2002b). These issuesoften meant that the geographically larger 2001 OAs tended to have smaller populationsthan the geographically smaller ones; the counterintuitive nature of this can thereforebe problematic when it comes to visualising any data that uses them.
Table 3.2: 2001 Output Areas
Country 2001OAs Population Households
Average
Population
per 2001 OA
Average
Households
per 2001 OAUK 223,060 58,789,194 24,479,439 264 110
Englandand Wales 175,434 52,041,916 21,660,475 297(100 minimum) 124(40 minimum)
Scotland 42,604 5,062,011 2,192,246 119(50 minimum) 52(20 minimum)NorthernIreland 5,022 1,685,267 626,718 336(100 minimum) 125(40 minimum)Source: 2001 UK Census
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The problems with the 2001 OAs, while important, should not detract from theirsuccessful deployment. The use of a spatial unit designed for dissemination purposes ispivotal in reducing the role of the Modifiable Areal Unit Problem (MAUP) – see Section2.8.2 – in research that followed the release of data from the 2001 UK Census. They alsoprovided a foundation on which these spatial units could be updated for use indisseminating the 2011 UK Census data. Updating, rather than constructing entirely newspatial units, provided an opportunity for consistency in the geographies used to reportCensuses for the first time. However, it is important to note again that differences remainbetween countries due to the individual agencies responsible for the data. At the start of2013 the 2011 OAs were released for England and Wales and Northern Ireland, althoughin Northern Ireland were renamed Small Areas (SAs). The 2011 OAs for Scotland werereleased in December 2013.
The majority of the 2011 OAs in England and Wales are identical to their 2001counterparts; however there are some exceptions where significant changes, such aslarge alterations to the population size, have taken place in the intervening decade. Forfurther information on why some OAs required modifying, see ONS (2012i). The ONS seta target to keep changes below 5% of the total number of 2001 OAs, and depending onthe nature of the change 2001 OAs were split or merged with neighbouring OAs. Splitswere considered when a 2001 OA had over 650 residents or 50 households. In somecircumstances splitting an OA was not possible, so populations have remained above the650 size threshold. Merges were used when a 2001 OA fell below 100 residents or 40households, a detailed methodology on how merges and splits were applied can be foundin Cockings et al. (2011). These adjustments led to 2.6% of OAs changing from 2001 to2011, with 1.8% being split and 0.6% being merged. This resulted in a 3.4% increase inthe total number of OAs covering England and Wales, rising from 175,434 in 2001 to181,408 in 2011. The average population and number of households have also risen from297 and 124 respectively in 2001, to 309 and 129 in 2011.
The 2011 OAs in Scotland are broadly similar to their 2001 and 1991 predecessors. Themain aim was continuity where possible, leading the majority of the OAs being the samesize between 2001 and 2011. Merges were used when a 2001 OA fell below 50 residentsor 20 households, and splits when the number of households reached a maximumthreshold of approximately 78 households (GROS, 2013). In total there has been anincrease of 8.8% OAs from 42,604 in 2001, to 46,351 in 2011. This has resulted in the
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average number of usual residents per OA falling from 119 in 2001 to 114 in 2011,although the number of households has remained the same at 51 (NRS, 2013a).
SAs are the new terminology for the smallest spatial level of Census geography inNorthern Ireland. They are modified versions of their 2001 OA predecessors and therehas been a decrease from 5,022 OAs in 2001, to 4,537 SAs in 2011 – equating to a 9.66%reduction. This decrease is the result of OAs being merged due to population sizes beingtoo small to meet the threshold values, boundary changes, and inaccuracies beingrectified (NISRA, 2013). In total 4,175 SAs are the same as their older OA counterparts,representing a consistency rate of 83.13%. However, because of the small number of SAs,the average population and number of households has risen from 336 and 125respectively in 2001, to 400 and 155 in 2011.
The compatibility between data released at 2001 OA and 2011 OA or SA level isimportant for two reasons. Firstly, it allows for almost direct comparison between the2001 UK Census and the 2011 UK Census. This, while obviously having many benefits, isnot relevant to the construction of any new small area classification of the UK that doesnot incorporate elements of change over this time period. The second benefit is morerelevant. Compatibility between the two geographies means non-Census data releasedat OA level prior to 2013 can be incorporated with the newer Census data that utilisedthe latest OAs or SAs. Data released at the 2001 OA level, such as mid-year populationestimates (MYEs) or Council Tax data, can be amalgamated with data released at the2011 OA or SA level. From a geodemographic perspective this provides more optionswhen determining which data sources can be used.
3.3.2. Other UK Census GeographiesThe use of OAs and SAs to release Census data is appropriate due to the format of theCensus. Data are collected at the individual and household level, and then aggregated upto the finest spatial level available that does not break data disclosure controls. This isnot the case for every non-Census data source, where data collected usually only offerpartial coverage of the population and require some element of generalisation. As aresult data cannot be accurately disseminated at the most granular spatial scales, eitherbecause of inherent uncertainties with the aggregation of data down to these levels orbecause of data disclosure controls. This therefore requires alternative geographies toOAs and SAs to be used.
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Prior to 2001 small area statistics were released at the ward level (the equivalent inScotland was postcode sectors). These caused problems due to ward populationsranging from fewer than 100 residents to over 30,000, with boundaries also liable tochange. This meant comparisons, both at a national level and over time were notpossible. Additionally, areas with the smallest populations could not be used as the datawould fail disclosure controls.
The solution to using inconsistent and unstable geographies was the introduction of newspatial units following the 2001 UK Census. These higher levels of UK Census geographywere built from OAs, and like OAs, each of the three Census agencies differed in theapproaches taken to create spatial units with a consistent number of residents andhouseholds. In England and Wales, and Northern Ireland SOAs were created.
In England and Wales these were split into LSOAs and MSOAS. LSOAs were typically builtfrom four to six OAs, while MSOAs were larger and contained 25 OAs on average andfitted within local authority boundaries. The thresholds used to construct them variedbetween 1,000 and 3,000 residents for LSOAs to between 5,000 and 15,000 for MSOAs,while for households it was 400 to 1,200 for LSOAs and 2,000 to 6,000 for MSOAs.
In Northern Ireland the SOAs were not split and had populations that ranged from 1,300to 2,800, and were constrained to existing wards where possible. The GROS created theirown equivalent to SOAs, with their LSOAs being called DZs, and their MSOAs being calledIntermediate Zones. The Scottish geographies differed in size compared to their Englishand Welsh counterparts, with DZs having a population range of 500 to 1,000, while theIntermediate Zones populations ranged from 2,500 to 6,000.
Consistency of these spatial units, like OAs, is another key element of the newer higher-level Census geographies. The same methodology used with the 2011 OAs of splittingand merging existing spatial units was employed if the population and householdthresholds were no longer being met. In England and Wales there was a 1.1% increasein the total number of LSOAs, and a 0.1% increase in the total number of MSOAs. InScotland, a 6.7% increase in the total number of DZ’s is proposed, with the number ofIntermediate Zones remaining constant. The final changes will be confirmed when theseupdated geographies are made publicly available in October 2014. In Northern Irelandthere were also no changes to the number of SOAs, although some did have theirboundaries modified. As Table 3.3 shows however, the small or no change in number of
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units can translate to relatively large changes in the mean populations. In England andWales the increases in residents mirrors the increase in households. In Scotland there isconsistency between the mean population and number of households between 2001 and2011, however in Northern Ireland there has been a large increase in both, especially inthe number of households compared to the overall population. The relative consistencyof statistically based areal units provides an important base for the release of officialstatistics. SOAs have become the base spatial unit for the release for the majority ofNational Statistics, although the outputs of the 2001 and 2011 Censuses have also beenreleased at this level.
Table 3.3: 2011 Super Output Area Geography Populations
2011 LSOA
Population
2011 LSOA
Households
2011 MSOA
Population
2011 MSOA
Households
England andWales 1,614(6.61%) 672(6.66%) 7,787(7.63%) 3,245(7.77%)
Scotland* 763(-0.02%) 342(0.01%) 4,288(0.05%) 1,921(0.08%)
NorthernIreland** 2,035(7.74%) 778(11.94%) Not Applicable Not Applicable
(Percentage change from 2001 in brackets)
* The LSOA equivalent is DZs and the MSOA equivalent is Intermediate Zones. Valuesare based on draft proposals for the number of 2011 DZs and Intermediate Zones.** The LSOA equivalent is SOAs and there is no equivalent to MSOAs.
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3.4. Beyond 2011The 2011 UK Census may have been the last of its kind. In 2008 the Treasury SelectCommittee published the report ‘Counting the Population’ (House of Commons TreasuryCommittee, 2008), making the recommendation that:
“the Statistics Authority set strategic objectives to ensure that the data gathered
throughout the UK can be used to produce annual population statistics that are of
a quality that will enable the 2011 Census to be the last Census in the UK where the
population is counted through the collection of Census forms.” (para. 149)
Implementing this recommendation would not be a simple task. The Census has beenused as the base for many population and socio-demographic statistics for decades. Atpresent there is no suitable alternative that can provide comparable information atnational and local levels on a range of topics and at the finest spatial levels. It hashowever been recognised that undertaking a Census is becoming increasinglychallenging. The current economic climate can make the £480 million cost of the 2011Census in England and Wales appear expensive and difficult to justify (although, over adecade this equates to costing each individual only 85p a year). Changes in society, withan increasingly mobile population, also mean the concept of producing a snapshot everyten years is becoming less relevant (Benton et al., 2013).
In response to the Treasury Select Committee’s recommendation, the ONS initiated theBeyond 2011 programme in April 2011, with NRS following suit in September 2011(NRS, 2013b), and NISRA also undertaking a similar initiative. The three reviews arebeing undertaken independently, although there is cooperation between the agencies,hopefully leading to an element of harmonisation in any future UK statistics that do notinvolve traditional Censuses.
The principle objective of Beyond 2011 is to investigate the best ways of producingpopulation and small area socio-demographic information that best meets the needs ofusers (NRS, 2013b; ONS, 2013c). This wide brief allows investigation into the manypossible solutions to the problem, including retention of the current Census. It alsoacknowledges the wealth of information that is already being collected by governmentdepartments. These administrative records often have full coverage of their relevantpopulations (Dugmore et al., 2011) and use the same data collection methods across
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their geographic extent. Table 3.4 outlines some of the data already being collected by aselection of government departments; while this list is not comprehensive it doesindicate the breadth of data that is already held. You cannot however solely utilise thesesources as a direct Census replacement. The geographic extent of the records will varywith no ability to link records across departments. It is obviously helpful that such richdata sources exists, but the Beyond 2011 programme is seeking to identify how suchsources can be utilised to achieve the wider goals set.
As of July 2013 the Beyond 2011 programme in England and Wales had shortlisted sixalternative approaches to the traditional Census as detailed in ONS (2013c):
1. A Full Census. Taken every ten years but with more emphasis on Internetcollection.2. Rolling Census. An annual Census of up to a tenth of the population carried outin different areas each year. This would be similar to the approach currently usedin France.3. Short Form Census and 4% Annual Survey. A Census with a reduced number ofquestions undertaken every ten years. Supplemented by an annual rolling surveyof 4% of the population. Similar to the approach currently used in the USA.4. Annual Linkage and 10% 10-yearly Survey. Linking administrative data andsupplementing it with a decennial survey of a tenth of the population.5. Annual Linkage and 4% Annual Survey. Linking administrative data andsupplementing it with an annual rolling survey of 4% of the population.6. Annual Linkage and 40% 10-yearly Survey. Linking administrative data andsupplementing it with a decennial survey of 40% of the population.
These six options have been designed to reduce field expenditure by utilising onlinecompletion where possible, but would differ in the quality of the outputs and total costs.Options 2, 3, 4 and 6 have been discounted as they would result in the loss of the mostdetailed population statistics, and not lead to any significant cost savings (ONS, 2013c).This leaves Options 1 and 5 as the two approaches the ONS will investigate in detailbefore a final report is submitted to the UK government in 2014. At this point a decisionwill be made about what future the Census has in England and Wales, Scotland andNorthern Ireland.
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Table 3.4: Information collected by government departments
Government
department Database Possible topicsNational HealthService National Health ServiceCentral Register: GPPatient Registers  Date of birth Sex Address and changes
 Births
 Marriages
 Deaths
 Health conditionDepartment of Workand Pensions; HMRevenue & Customs Customer InformationSystem (this includeschildren at birth, as wellas the adult population)
 Date of birth
 Sex
 Marital status
 Name of employer
 National Insurance(working population andworkers from overseas)
 Income
 Benefits (various, includingchild allowance, retirementpensions, disability)
 Household structureDepartment forEducation Annual School Census  Date of birth Sex
 Language
 Ethnicity
 Free school meals
 Travel to school
 Educational attainmentHome Office e-Borders  Passport details
 Citizenship
 International migrationDriver and VehicleLicensing Agency Driving Licence  Address and changes Car ownershipTV Licensing TV Licences  Address
 HouseholdsMinistry ofJustice/Registry Trust County CourtJudgments  Personal debtValuation OfficeAgency Council Tax Bands fordomestic properties  Property valueONS Inter DepartmentalBusiness Register  Workplaces and workingpopulations
Adapted from Dugmore et al. (2011)
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It is encouraging from a geodemographic perspective that the ONS is pursuing one optionthat will maintain the status quo of small area statistics. A modernised decennial Censussupplemented by administrative data to take account of population change, will stillprovide similar outputs that the 2011 UK Census provided, but only every decade.Utilising existing administrative data to estimate the population, supplemented with a4% rolling annual survey to provide estimations of the populations characteristics,would provide data more frequently, but would not have the same level of granular detailas either the 2011 UK Census, or the modernised Census option (ONS, 2013c). At presentthe precise level of detail possible is not known, but it likely that this option will resultin the elimination of most small area data outputs.
The Beyond 2011 programmes provide an insight into the future, or lack of, for smallarea statistics in the UK. It is clear that there is a desire to retain some element of this,but the extent to which this will be possible will be determined by the desire for spatiallygranular data, rather than temporally granular data, from the user community before thegovernment makes a final decision. It is clear that the 2011 UK Census was the last of itskind, and this will have an impact on future geodemographic applications. It is difficultto judge in the period between the 2011 UK Census and any future incarnation to whatextent Census outputs can be relied upon, and how much time should be invested usingalternative data sources. It is likely there will eventually become a tipping point whenCensus data are not the default dataset for geodemographic classifications. This pointwill be brought forward if the future Censuses are not able to release data at the smallestspatial levels. If this were the case then it would be the end for traditionalgeodemographic classifications and alternative solutions would be required. Explorationinto the current and future spatial availability of data sources is therefore required, withparticular attention on how the release of administrative data fits into the wider contextof government policy regarding free and Open Data, and the impact this could have onfuture geodemographic classifications.
3.5. Open DataThe UK Government, along with other national and regional governments, has beenpursuing an Open Data agenda since 2009 (Deloitte, 2012), motivated in large part bythe desire to improve transparency in various aspects of government decision-making.There are two elements to the Open Data agenda; firstly making data accessible, andsecondly making it useable. In this context, making data accessible refers to publishing
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resources that aid understanding in how the government functions and how policies aremade. To this end, in January 2010, the website data.gov.uk was launched, acting as aportal where publically available data could be accessed. Ensuring data are useablerelates to making public data available in machine-readable formats, published usingopen standards and released under an open licence (Sheridan and Tennison, 2010). InSeptember 2010 the UK Government launched the ‘Open Government Licence’ allowingpublic sector data released under it to be used without need for payment or permission.This license was updated to version 2.0 in June 2013 (The National Archives, 2013).
The Open Data agenda is much broader than simply aiming to release the population andsocio-economic data detailed in Table 3.4. It is more closely aligned with a transparentgovernment agenda, designed to correspond with the six opportunities of Open Dataidentified as: accountability, choice, productivity, quality and outcomes, social growthand economic growth (HM Government, 2011). The release of geographic data, and morespecifically spatially referenced data, forms only a small part of the overall scheme atpresent. The majority of the 9,900 datasets currently available from data.gov.uk (inAugust 2013) have no spatial reference, and those that do tend to be at higher levels ofgranularity. It is unlikely that data will ever be released at the individual or postcode unitlevel due to data disclosure controls, but more datasets could be released at the OA level.At present, aside from Census outputs, there are relatively few data sources released atOA level. The data that are available at OA level are:
 Mid-Year Population Estimates. Released by the ONS annually for England andWales and by the NISRA for Northern Ireland. The latest release for NorthernIreland is currently for 2008.
 Dwelling Stock by Council Tax Band. Released by the Valuation Office Agency(VOA) for England and Wales annually.
 Workless benefit claimants. Released by the Department for Work and Pensions(DWP) for England and Wales quarterly.
 Land use statistics (Generalised Land Use Database). Released by theDepartment for Communities and Local Government for England. The lastrelease was for 2005.
 Reported crime data. Released through the data.police.uk website monthly.Available at street level for England, Wales and Northern Ireland and can beaggregated to OA or SA level.
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While these sources are limited, with the exception of the MYEs, they are easilyaccessible. MYEs are available via request from the ONS as the figures are consideredexperimental statistics and potentially unreliable. The NRS only make them available atthe DZ level, while the NISRA do make the data available to download at the OA level, butonly have data between 2001 and 2008 currently accessible. This inconsistency at UKlevel is symptomatic of the current ad-hoc approach to Open Data. The data sourcesdetailed in Table 3.4 could be made available at coarser levels of granularity if there weresome form of cohesive strategy regarding the release of spatial data. A recent report, TheShakespeare Review, looked at the future of opening up data for the benefit ofgovernment, business and citizens. It concluded that Open Data has the potential tocontribute £2 billion to the UK economy in the short term, and up to £7 billion in thefuture (Shakespeare, 2013). To achieve this, a cohesive approach is required, which iscurrently missing from most releases of Open Data in the UK, especially in the context ofspatial data. An important point made in The Shakespeare Review regarding the qualityof data seems particularly pertinent to the UK’s statistical bodies; it is suggested that datashould be released quickly and imperfectly, and core datasets should subsequently aimto achieve higher quality at a later point. This would seem to contradict the underlyingphilosophy of organisations like the ONS, who, as seen from their stance on MYEs, arereluctant to release potentially imperfect data.
Making data available, even if they are imperfect, is key to the successful uptake of OpenData and adding value to them. The Ordnance Survey (OS), the mapping agency of GreatBritain, is an example of an organisation that has now released multiple datasets. Usingthe OS OpenData License, a variation of the Open Government License, a user can nowutilise certain OS resources any way they see fit for free with no restrictions. This hasobvious advantages for users, but also benefits the economy of Great Britain as a whole.It is estimated that the OS OpenData initiative will create a £13 million to £28.5 millionincrease in Great Britain’s gross domestic product (GDP) by 2016 (Carpenter and Watts,2013), with much of this attributed to the fact that the data are free. Practical uses ofOpen Data can be seen from the free release of public transport timetables and up-to-date travel information by Transport for London (TfL). Notably, this has led to thecreation of a market for mobile phone travel applications. These products, a mixture offree and paid applications, could not exist in the pre-Open Data era. The wide scalerelease of Open Data in particular fields can therefore be seen as leading a renaissancein how that data are used.
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However, when comparing these successes in the Open Data movement with the widercurrent availability of small area statistics, it is clear work is needed. The OS and TfLexamples suggest the release of more spatial data at the smallest spatial level, will, bythis act alone, enable new and innovative uses, with geodemographic applications beingonly one aspect. The fact this does not exist at present reinforces the view that thecontinued undertaking of a Census is needed. Releasing more data provides anopportunity to shift this standpoint. Making multiple datasets available at the smallestspatial levels ultimately should lead to less reliance on the Census as a data source.
3.6. Commercial Open DataThe data that are held by government departments are undoubtedly extensive. These arenot, however, the only sources that hold information about the population of the UK.Commercial companies that provide services to the general public are likely to have largedatabases of their customers (Dugmore et al., 2011). Table 3.5 gives a brief overview ofdifferent commercial sectors and the information they are likely to hold. The statisticalrobustness of these data sources will vary, although in any case they are unlikely to becompletely representative of a resident population. This therefore means individuallythey are not ideal to be utilised for National Statistics. The records that privatecompanies hold are specific to their market. The level to which they are updated is alsoa reflection of the types of services offered. What may be lacking in spatial detail, cannormally be contrasted with the number of records held. With many companies holdingover 10 million records (Dugmore, 2009; Dugmore et al., 2011) providing a detailedview of customer behaviours and interactions.
These records can therefore be considered a potential source for deriving populationcharacteristics, in some cases, down to the individual level. This seems particularlyuseful from a geodemographics perspective, but less so for agencies like the ONS forwhom consistent spatial coverage is a priority.
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Table 3.5: Population data collected by commercial companies
Sector Data they are likely to holdRetail  Records of sales to the public of a huge range of products
 Sales channels: superstores and local shops, but alsoonline, catalogues, etc.
 Major companies often have 10–15 million customers
 Limited demographics collected at time of application
 Loyalty cards track spending in great detailFinancialServices  Wide range of products, e.g. current account, mortgage,savings, loans
 Various sales channels – branches, ATMs, online, post,etc.
 Several companies have over 10 million customers
 Detailed demographics collected for some products, forexample mortgages
 Current accounts and credit cards track spending ingreat detail
 Pooling of databases is well established, e.g. mortgages,savings, credit, fraudElectricity (andGas)  Large coverage (electricity 100% and gas 80%) Company coverage across the UK is often regional
 Minimal demographic information
 Much effort is put into maintaining address/meter files
 Good data on fraud and debt
 Pooling of databases is well established – meter list usedby ONS for 2011 Census to identify multi-occupiedaddresses; Department of Energy and Climate Changestatistics on energy consumptionWater  Each water company has its own territory
 Many properties are still billed according to rateablevalue rather than metered
 A great deal of effort is put into maintaining address files
 Minimal demographic information
 Good data on debtTelecoms  Mobile telephone and broadband now has three mainplayers, each with over 15 million customers
 Mobiles – Post Pay (monthly contract – an applicationform is filled in)
 Mobiles – Pre Pay (little information collected)
 Address information – only basic postal address for 50%of customers on contract
 Transaction information has full detail of every call,including location
Adapted from Dugmore (2009) and Dugmore et al. (2011)
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The extent to which these commercial sources can be considered ‘Open Data’ dependson the definition used. The Shakespeare Review suggests that Open Data need not mean‘free’ or ‘open to everyone’, indicating that if companies charged for access to their datathen these sources could still be considered ‘Open Data’. This contradicts the definitionfrom opendefinition.org, “a piece of data or content is open if anyone, is free to use, reuse,and redistribute it – subject only, at most, to the requirement to attribute and/or share-alike”. This is the definition used by Deloitte (a consultancy firm whose researchunderpins The Shakespeare Review). This viewpoint means that the majority of the dataheld by commercial companies cannot currently be considered ‘Open Data’.
It is difficult to envisage a situation where data held by commercial companies will bemade available for free. The examples given in section 3.5 regarding the use of Open Datato boost the national economy does not translate to individual companies that have largedata stores. If they were to be released, any commercial value derived by each companywould be eroded or lost. This highlights a fundamental difference in attitudes to OpenData. It is becoming apparent that data are more valuable to both users and governmentsif they are freely available. It is equally true that data are more valuable to commercialcompanies when they are either locked away or made available for sale. This ideologicaldivide is unlikely to be resolved anytime soon.
3.7. Open Data and GeodemographicsThe discussions of an Open Data agenda and the creation of websites like data.gov.ukgive the impression that the concept is relatively new. The 2001 OAC is an example of ageodemographic classification that used only Open Data, as the 2001 Census was the firstin the UK to be made freely available without a £250,000 license. Other than the Census,Open Data sources have often been discounted from use in academic geodemographicapplications, such as the 2001 OAC (Vickers et al., 2005). This is primarily due to thevarying spatial coverage and scale at which such sources are available. It is however clearthat such inconsistences are not sustainable in the long term. The ‘Beyond 2011’programmes gives an indication that future Open Data sources are going to comeincreasingly from a mixture of administrative sources and possibly from commercialcompanies, although the extent these could be considered ‘open’ is debatable. At presenthowever, there are only a relatively small number of spatially referenced datasets,especially at the smallest spatial levels, as discussed in Section 3.5. This means that the
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data currently available are better suited to supplementing datasets like the 2011 UKCensus, rather than forming the basis of a classification built at the smallest spatial level.
The potential use of alternative Open Data sources to the Census in academicgeodemographics is determined by two factors; the desire to use data that eithermeasure something that the Census does not, or allows for the update of classifications.This presents an interesting decision when determining what data should be used tocreate a geodemographic classification. The Census is the most comprehensive datasetavailable at the smallest spatial scale. As such, using Census data at an OA and SA levelwould appear the best choice for a geodemographic classification. Problems do howeverexist with the limiting decennial release and the lack of supplementary data sourcescurrently available at an OA or SA level. At higher spatial levels there are more datasources available, with a mixture of Census, National Statistics and other Open Datadatasets. This greater quantity of sources means a classification can be built that coverstopics not included in the Census and that could be regularly updated. The extent towhich this offsets the loss of analysis at the finest spatial levels is dependent on therequirements of the geodemographic classification. The choice in current academicgeodemographics is therefore between classifications built at the most granular spatialscale, which have the finest resolution but are unlikely to be updated as the Census is theprimary data source; or classifications built at higher spatial scales that lack the finegranularity but can include variables not included in the Census and are easier to updateduring their lifetime.
The problem with using additional Open Data sources, explicitly because they cover atopic not covered by the Census or to update a geodemographic classification, is one ofdata quality. The problems with such data sources that prevented them being used in the2001 OAC have not changed. The spatial granularity of Open Data sources is variable,and not all conform to standard Census geographies. The lack of consistency meanseither the data are aggregated up to a higher spatial level, such as MSOAs, or is modelleddown to a smaller spatial level. Neither of these approaches is ideal, as aggregating thedata up reduces the resolution of the final classification, and modelling down introducestoo many uncertainties for the results to be reliable. A combination of Open Data sourcesusing Census and non-Census geographies is similarly not ideal: Vickers (2003) statesthat no system exists to transfer data between overlapping or disjointed spatial units toa satisfactory level of accuracy. There is also the issue of spatial coverage. The variationsfound in some Open Data sources mean that the provision of full UK-wide coverage for
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any topic can be difficult to achieve. With different national governments, governmentdepartments and statistical bodies responsible for the dissemination of data, releases areoften sporadic and sometimes non-existent for certain parts of the UK at the requiredspatial level. This is not a desirable characteristic when a national classification isrequired, but becomes less of an issue if only regional or local variations are needed.
The issue of data integrity can also impact Open Data that is available from non-government department sources, such as local authorities or commercial companies. Atpresent, National Statistics and other data from government departments are likely tohave gone thorough data quality assurance checks. This means utilising such sources ingeodemographic applications provides a certain level of confidence that the final resultswill provide an accurate representation. Using Open Data from alternative sources doesnot necessarily bring these same assurances, either in how the data are sampled or howthey are generalised to provide wider coverage. Using such data in geodemographicstherefore introduces a level of uncertainty not currently found when utilising Censusdata. With inconsistencies varying between each Open Data source, it becomes a timeconsuming operation to evaluate the appropriateness of each source for any desiredtask.
3.8. Data sources for the new classificationIt is clear that non-Census Open Data sources will grow in prominence in the future,especially if ONS’s Beyond 2011 programme leads to a reliance on the linking ofadministrative data. Beyond 2011 also provides an indication that the 2011 UK Censusis perhaps the last opportunity to utilise such a robust dataset for geodemographicapplications. The 2011 UK Census is the most complete Census ever undertaken in theUK, both in terms of total coverage and accuracy, which no combination of alternativeOpen Data sources currently available can replicate. As such, it is the most suitabledataset for the new small area classification of the UK. The issues associated with usingCensus data that is several years old by the time it is released were discussed in Section2.8.3. Although this is not ideal, the impact from a geodemographic perspective isminimal. Utilising non-Census Open Data sources instead to create the new small areaclassification of the UK would be possible, but it would need to be created at the SOAlevel, rather than the OA or SA level, due the greater number of datasets being availableat this level of granularity. There would however, be underlying issues with the qualityof data as discussed in Section 3.7 that may make such as option unworkable in the
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present data environment. The other option of supplementing Census data with OpenData sources at the OA or SA level is possible; however the classification would sufferfrom the lack of full-UK coverage. Creating the new small area classification of the UKfrom Census data can therefore be considered beneficial as it remains the mostcomprehensive dataset available to create a geodemographic system. This wouldhowever mean the new small area classification of the UK could not be updated, and thismay be an issue for potential users.
The ideal academic geodemographic classification would: provide full national coverage;utilise a statistically robust data source (i.e. the Census); offer the finest resolutionpossible; be updated on a regular basis and use additional variables that are not includedas part of the Census. However, this is not achievable within the current UK datalandscape. Consequently, it is important to know what qualities are valued most highlyby users. The ONS and UCL therefore held a joint user engagement on the new small areaclassification of the UK. This in part sought to identify the data sources the classificationshould use, and what other qualities of academic geodemographics were valued bypotential users. The results of this are reported in Chapter 4, along with the overallguidance provided for creating the new classification. This user engagement took placebefore the extent of the delays to the release of the 2011 Census data in Scotland wasfully known. In order to move the project forward it was important to know how to dealwith the delayed release of 2011 Census data for Scotland at the OA level.
3.9. The new classification and ScotlandThe delays to the release of the Scottish 2011 Census data, discussed in Section 3.2,created a problem in building a UK-wide small area geodemographic classification in atimely manner. No combination of Open Data sources could have been used as a directreplacement for Census data, or act as a proxy for it. Alternative possibilities of mixing of2011 Census data for England, Wales and Northern Ireland with 2001 Census data forScotland provided a potential solution. However, as the range of Census questionsexpanded in 2011 (see Section 3.2), any new questions would have had to have beeneliminated to guarantee consistency between the datasets. This was felt to be anunsatisfactory solution. A potential alternative to this was to utilise the 2001 Census dataand model responses to the new questions. This was considered, but it was felt that theuncertainties this would introduce would more than offset the benefits of producing aUK-wide classification a few months earlier. It was therefore decided not to add any
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Scottish data into the new small area classification until the Scottish Census data werereleased in December 2013.
The data at OA level needed for England and Wales were released in January 2013, andat SA level for Northern Ireland in January and February 2013. This staggered datarelease of data for Northern Ireland meant that data processing of the England and Walesdata had been on-going for one month, and as such it was decided to exclude NorthernIreland from the initial data enquires. As Northern Ireland only constituted 2.25% of theUK’s 2001 OAs, compared to 78.65% for England and Wales, it was felt that evaluatingthe Northern Ireland data as well would require a lot of work, with very limited benefitsdue to the small increase in coverage. Using only England and Wales data provided anopportunity to evaluate the methodology detailed in Chapter 6 that was used on the newUK-wide small area classification.
The validity of this initial evaluation was however dependant on understanding therelative importance Scotland can have on the final outcomes of a geodemographicclassification. This analysis was performed with the 2001 OAC, comparing the full UKversion with variations that remove geographic regions to provide a reliable indicator ofhow much impact regions such as Scotland and Northern Ireland have on a nationalclassification. To achieve this, the 2001 OAC methodology was applied to datasetsmissing England, Scotland, Wales and Northern Ireland respectively, with the resultingSupergroups analysed both in terms of distribution and composition. Table 3.6 comparesthe differences between assignments of the 2001 OAC Supergroups. It shows that thereare only small changes in the assignments to the Supergroups when any country isremoved. However, the bigger the area (in terms of number of OAs), the more susceptibleto change it is, but it is only a 2001 OAC with England removed that shows any significantchange in Supergroup distribution. It was therefore unlikely that the distribution ornumber of Supergroups would change with the latter addition of Scotland and NorthernIreland data.
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Table 3.6: Change in 2001 OAC Supergroup distributions with geographic regionsremoved
2001 OAC
Supergroup
United
Kingdom
Without
England
Without
Scotland
Without
Wales
Without
Northern
Ireland
Blue CollarCommunities 16.1% +6.47% -2.63% -0.06% -0.14%
City Living 7.5% -0.15% +0.93% -0.02% +0.05%
Countryside 12.4% -0.39% +1.08% -0.12% -0.07%
ProsperingSuburbs 21.2% -2.49% +0.53% -0.07% +0.03%
Constrained byCircumstances 14.9% -4.33% +0.23% -0.09% +0.06%
Typical Traits 18.3% -2.61% -0.91% +0.04% -0.12%
Multicultural 9.7% +3.49% -0.78% +0.33% +0.19%
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The distribution of the Supergroups is only one aspect; there is also their composition toconsider. The larger the number of OAs removed, the bigger the impact is likely to be onhow the Supergroups form. Figures 3.2 to 3.5 show how removing countries from the2001 OAC dataset and re-clustering the remaining data impacts upon the composition ofthe clusters when compared to the full UK-wide classification. The bars represent thecompositions of each Supergroup, and how far above or below the national average eachvariable is (for a list of variables see Table 2.2). The red part of the bars represents the2001 OAC, and the blue the 2001 OAC without a certain country. The amount of red orblue depicted by each Supergroup indicates how the composition differs between thetwo datasets, with bars that are mainly purple suggesting the composition hasexperienced limited, if any, change.
Figure 3.2, comparing the 2001 OAC with and without England, indicates the largestdifferences. The ‘Multicultural’ Supergroup in particular without an England datasetlacks the main drivers of the group’s characteristics, namely above average ethnicvariables. The change is so pronounced that the group would need a new name anddescriptions to best describe its characteristics, although the other six Supergroups allshow differences, albeit in smaller amounts. The results shown in Figure 3.2 whencompared to Figures 3.3, 3.4 and 3.5 indicate that removing data for Scotland, Wales andNorthern Ireland does not have any significant impact of the compositions of the 2001OAC Supergroups. Figure 3.5 for Northern Ireland shows that the Supergroups arealmost identical, and Figure 3.3 for Scotland shows only relatively small changes forSupergroups like ‘City Living’ and ‘Constrained by Circumstances’. These changes are notso significant to change the general composition of the groups, meaning that the namesand descriptions given are still likely to be valid.
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Figure 3.2: The 2001 OAC Supergroup Compositions with and without England
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Figure 3.3: The 2001 OAC Supergroup Compositions with and without Scotland
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Figure 3.4: The 2001 OAC Supergroup Compositions with and without Wales
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Figure 3.5: The 2001 OAC Supergroup Compositions with and without NorthernIreland
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The unsurprising conclusion to draw from this is that England is dominant in shapingthe 2001 OAC at a UK national level – it does, after all, comprise 74.27% of the UK’s 2001OAs, and as such accounts for much of the observed heterogeneity in UK populationcharacteristics. The implications for the new UK-wide small area classification wereclear. As long as an England dataset was included, any conclusions drawn fromevaluating the methodology could be applied when the remainder of the UK data wasincorporated. Although this assumption was based on research undertaken with only2001 OAC data at the Supergroup level, meaning the groups were at their most genericand less susceptible to change. If the research had been also repeated at the Group orSubgroup level then the group compositions were likely to have been more volatile whenremoving geographic regions due to the smaller proportion of the population theyrepresent.
3.10. ConclusionsThe last UK Census, in 2011, was the 22nd since its inception in 1801, and continues to bethe most comprehensive geodemographic data source available in the UK, both in termsof coverage and the variety of questions asked. It has formed the basis of almost allgeodemographic classifications created in the UK since the 1970s, with the 2001 OACbeing an example of a recent classification that relies on it solely as a data source. Areason why it is so widely used, is the quality of the data. The 2001 and 2011 Census inEngland and Wales had responses from 94% of the population, although this figuremasks differences at Local Authority level between the two Censuses. In 2001 twelveLocal Authorities, all in London, had response rates lower than 80%. This is problematic,as high response rates are important to accurate Census estimations. In addition to this,the areas of Manchester and Westminster suffered from large under-enumeration due toenumerators having issues gaining access to households. To combat these problems the2011 UK Census was the first to post Census forms and allow completion online, allowingenumerators to concentrate their efforts on areas identified as hard to count. Thispractice was deemed successful as response rates for Local Authorities in England andWales ranged from 82% to 98%, improving the overall accuracy of the 2011 UK Censuswhen compared to those previously undertaken. Therefore the Census can still beconsidered the default source for geodemographic classifications, especially those builtin academia.
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The Beyond 2011 programmes are looking to evaluate options if the 2011 UK Census isindeed to be the last. It is likely that there will be no more traditional Censuses, and itwill be replaced by linking more administrative data and either a decennial onlineorientated Census, or by a rolling annual survey that covers 4% of the population. Thelinking of administrative data fits into the government’s Open Data agenda, with thepossibility of more spatially referenced data being made available in the future. Atpresent there is a lack of such data at the smallest spatial level, OAs (or SAs for NorthernIreland). OAs and now SAs have formed the basis of Census geography in the UK since2001, and unlike their predecessors (EDs), were specifically designed for disseminatingdata and not data collection. Combining OAs or SA together forms higher spatial levels ofCensus geography, SOAs and DZs, which, in addition to also having Census results, arethe basis on which the majority of National Statistics are released. The outcome of this isthat more Open Data sources are currently available at higher spatial levels, providing aconundrum when building geodemographic classifications. There is a choice of eitherconstructing a classification at the smallest spatial level with the finest resolution usinga data source that cannot be updated; or building at a higher spatial level with data thatcan potentially be updated and covering additional topics to the Census, but loses thefiner level of resolution.
The new small area classification of the UK therefore needed to reflect one of twoconflicting approaches. As the 2011 UK Census is likely to be the last of its kind, it wouldseem a waste not to use it to its full potential. The issue of not being able to update theclassification is one that may matter to potential users of the classification, so while apreference should exist for using Census data at the smallest spatial level to build thenew classification, the final choice needs to be a reflection of user requirements. Creatingany form of new UK-wide small area classification in a timely manner however washindered by the delayed release of 2011 Census data for Scotland. Possible options wereconsidered on how to proceed, but it was felt waiting for the release of the data was thebest course of action. Using the 2001 OAC, it was shown that Scotland, Wales andNorthern Ireland are not the main drivers of the classification, with England being themost important component. This meant construction of the new small area classificationcould be evaluated using data for only England and Wales, in the knowledge thatScotland and Northern Ireland could be added later with minimum impact on theoptimum number of clusters and their compositions.
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Chapter 4A New Area Classification for the UK
4.1. IntroductionThis chapter introduces the 2011 Area Classification for Output Areas (2011 OAC) andoutlines the key concepts that influenced its construction. Section 4.2 defines what thekey concepts are and how they are driven both by internal factors, such as the desire forthe classification to be open, and external factors like the availability of data. Section 4.3explains why engaging with potential users was an important component of the 2011OAC, and what methods were considered to ensure the 2011 OAC user engagement wassuccessfully accomplished. Section 4.3.2 reports the findings of the 2011 OAC userengagement and how the findings influence the general design criteria for the newclassification. Section 4.4 summarises the key points from the 2011 OAC userengagement and derives six user requirements from it. These six user requirements areexplored further along with the steps taken to incorporate them into the 2011 OAC.Finally, Section 4.5 draws the key concepts and user requirements together. Thecombination of these two complementary factors is examined, as is their influence uponthe design, construction, implementation, use and perception of the 2011 OAC.
4.2. Key Concepts for a new Area Classification for Output AreasThe new small area classification of the UK was named the ‘2011 Area Classification forOutput Areas’ (or 2011 OAC) by the Office for National Statistics (ONS). The 2011 OACshares the basic fundamental principles that govern most past and currentgeodemographic classifications. There are however key concepts that distinguish the2011 OAC from the range of other classifications offered in the commercial sector andacademia. These concepts are driven both by internal and external factors. Internalfactors include the philosophy of the classification, such as a desire for it to have an openand transparent agenda. This forms the fundamental basis of the project, while externalfactors relate more to the practical elements of the classification. Factors such as thestructure and data used can be considered external, and are the more flexible
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components of the 2011 OAC. It is however important that these external factorsincorporate the views and requirements of potential users. Understanding what would-be users of the 2011 OAC require before its construction is fundamental for increasinguptake once it is released. To help achieve this the views of the wider public wereobtained via a user engagement (see Section 4.3).
The key concepts of the 2011 OAC can therefore be defined as:
 Having an open and transparent methodology that can be easily reproduced byother researchers and be critically evaluated.
 Using open source programs, such as ‘R’, wherever possible, and publishingsupporting documentation (including code) to allow for easier adaptation andreproduction.
 Soliciting the views of potential users to ascertain their priorities for a newclassification.
 Constructing a classification that, where possible, reflects the general consensusof potential users and is therefore of the greatest use to the greatest number ofpeople.
Adhering to these key concepts means the 2011 OAC methodology can be used as atemplate to create other open geodemographic classifications as required. If the 2011OAC is deemed not to meet the needs of a particular application, then developers canutilise the same methodology, changing only the aspects relevant to their particular task,and create a bespoke classification. Although the 2001 OAC had an open methodology, itwas more restrictive as it was produced in SPSS (a commercial statistical package). Theadvances in the number and quality of open source programs means that R can be usedinstead of SPSS and Quantum GIS instead of ESRI’s ArcGIS.
The key concepts that drive the 2011 OAC can be viewed as a mixture of traditionalgeodemographic theory and outcomes of consultation. As discussed in Chapter 3, thereare certain issues that are unique to the creation of the 2011 OAC, with the status of anyfuture UK Census and the growth of alternative Open Data sources causing uncertaintyin the development of the classification. The extent to which the 2011 OAC shouldembrace alternative data sources, or rely on Census data is not a choice that should bemade in isolation. The decision on what data to use for the classifications forms perhapsthe most important aspect of the 2011 OAC user engagement as the choice of data usedimpacts all aspects of the classification.
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4.3. User Engagement on the 2011 OACThe release of 2011 UK Census data provided the catalyst for the 2011 OAC to bedeveloped. The Census has been the primary data source for geodemographicclassifications for forty years, and the latest release is a chance to evaluate the continueduse of Census data for this purpose in tandem with creating a new geodemographicclassification. The choice of data sources may be the most important consideration, butthere are many other factors that impact the usefulness and longevity of anyclassification. It was therefore important to design the 2011 OAC for general purposeapplications across a wide target audience. To better understand user requirements theONS and UCL conducted a user engagement aimed at individuals and companies with aninterest in small area classifications, and the 2001 OAC in particular. The results of thisare reported in Section 4.3.3.
4.3.1. Designing the User EngagementConstructing the 2011 OAC user engagement required the selection of an appropriatemethod for extracting information from the desired audience. In the ONS UserEngagement Strategy (ONS, 2010a) reference is made to focus groups, surveys and oneto one meetings as methods of consulting with key stakeholders. Furthermore, there isextensive academic literature exploring the various approaches to qualitative datacollection, with examples of user engagements employing a wide range of methods,including surveys, interviews, focus groups and participant observation. One exampledetailed in O’Brien and Toms (2008) utilises semi-structured interviews to “delve intothe thoughts, behaviours, and feelings” (p. 941) of participants who were using onlineapplications. Interviews and indeed focus groups provide obvious advantages asmethods of user engagement, allowing exploration of the user’s experiences byproviding the opportunity to probe respondents to elaborate on their answers. However,these forms of data collection can be both costly and time consuming.
Examining the various methods available, it was decided that online self-completionquestionnaires would be the most appropriate means of collecting the requiredinformation for the 2011 OAC user engagement. This involved the respondent answeringa series of open and closed questions by themselves and then returning the completedquestionnaire by e-mail.
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The method was selected as it was cheap to administer and practical considering therespondents were geographically dispersed. It was also more useful for the respondentsas they were able to complete the questionnaires at their own convenience.Questionnaires eliminate issues relating to an interviewer’s presence, such as socialdesirability bias, by which the users may frame their responses in a way they considerto be more pleasing to the interviewer (Bryman, 2008). Finally, the efficiency of themethod makes it an attractive option for data collection as numerous e-mails linking tothe questionnaire could be sent out at the same time. Consequently a sufficient responserate meant a consensus could be drawn and therefore the information could be utilisedin the design on the 2011 OAC.
The broad objective of understanding user requirements for the 2011 OAC, and specificdetails such as what data to use meant careful consideration of how the questionnairewas formed. The questions needed to be formulated in a way to reveal quantitative orqualitative information, while also adhering to a simple structure (Dixon and Leach,1978). Although Parfitt (1997) stresses the content of a questionnaire shouldconcentrate upon answering the formulated aims, no question should rely on recall ofevents too distant in the past. This meant refraining from asking questions aboutacademic geodemographics prior to the 2001 OAC. It was felt respondents knowledge ofhistorical geodemographic applications would be more limited, and of little relevance forthe 2011 OAC.
Dixon and Leach (1978) offer other general advice in designing a questionnaire, such asusing simple, short questions with terminology that is easy to understand. There shouldalso be a combination of open and closed questions, with questions being unambiguousto ensure respondents are referring to the same thing. Dixon and Leach (1978) alsoexplore the subject of how questions are perceived, with the attitudes of an individualbeing complex and unable to escape external influencing factors. As such, questionsshould actively encourage what could be termed an ‘accurate’ response, with onemethod of achieving this through the use of a Likert scale (Likert, 1932). This allows theextent to which a person agrees with a statement to be gauged on a scale, rather thanusing an opened ended text response.
The format chosen for the 2011 OAC user engagement questionnaire was a mixture ofclosed and open questions. This allowed for both quantitative and qualitative answers to
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be given to better understand the thoughts, expectations and requirements of the newclassification. Twenty questions were formulated which were then divided into five topicgroups. These topic groups can be summarised as:
 Determining the respondent’s understanding of the 2001 OAC and the extent towhich they or their organisations use or used it. This could be expanded todetermine how useful respondents find the 2001 OAC’s structure, if they use anyalternative geodemographic classifications and, if so, how they use them. Thisthen helps to assess the priorities for a new small area classification (the 2011OAC), and what its primary purpose should be.
 Determining what outputs users would find to be the most helpful for the 2011OAC, and whether the classification should remain focused on delivering nationalcoverage or be split into regions.
 Determining the format(s) that should be used to disseminate the 2011 OAC’soutputs and how the classification should be presented.
 Determining at what spatial level the 2011 OAC should be constructed, and whatdata source(s) should be used. This then leads on to assessing how often the 2011OAC should be updated (if this proves to be a possibility) in the future.
 Allowing for additional comments regarding the 2011 OAC from respondents toensure pertinent information relating to the new classification can be recorded.
Pilot questionnaires are an important component of the design phase (Haring andLounsbury, 1975; Dixon and Leach, 1978; Parfitt, 1997). They allow for differentmethods and wordings to be tested and to ensure the meaning of the questions are fullyunderstood (Dixon and Leach, 1978). Ultimately the questions being asked will bemeaningful if they have useful answers (Parsons and Knight, 2005). A pilot version of the2011 OAC user engagement was distributed to the ONS and Keith Dugmore, Director ofthe Demographics User Group (DUG). A selection of DUG members were given theopportunity to assess the suitability of the questionnaire before it was made more widelyavailable. The feedback received from this was favourable, with one example fromBarclay’s stating: “I've run through the draft and it seems very comprehensive, shouldwork very well. I think the questions are meaningful and will give useful answers”. Theresponses from the pilot study indicated that no changes needed to be made to the 2011OAC user engagement. As such, it was made publically available for a six-week periodfrom the 17th February 2012 to the 30th March 2012 (ONS, 2012j).
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It was desirable to achieve as many responses as possible from a range of professionalbackgrounds. Haring and Lounsbury (1975) suggest coverage of the total research areais ideal; in this instance this would involve contacting every individual that haspreviously used the 2001 OAC. However, Parfitt (1997) has a more realistic view ofsurveys, suggesting they can be conducted with only a sample of respondents from thetarget population. As such, for the purpose of this study it was decided that a sample ofthe users of the 2001 OAC would provide a sufficient representation of the group as awhole, and while there is no general rule for devising this (Haring and Lounsbury, 1975)several factors such as the type and accuracy of data obtained had to be considered.Dixon and Leach (1978) observe that the larger the response the more meaningful theconclusions drawn from the data will be. Parfitt (1997) recognises this and admits withsampling there is a link between decreasing the sample size and increasing the samplingerror; nonetheless it is still possible to draw meaningful conclusions from a small sample.In the case of the 2011 OAC user engagement the types of questions asked limited thetotal number of responses. If it had been solely a quantitative study then the aim wouldhave been to achieve a large number of responses from randomly selected respondents.If it had been solely a qualitative study then the aim would have been to achieve a smallernumber of in depth responses from a few selected respondents.
The 2011 OAC user engagement was promoted via specific websites and mailing listssuch as the OAC User Group, Census Dissemination Unit, EDINA UKBORDERS and theretail industry Demographics User Group. This allowed for a larger number ofindividuals and companies with an interest in the 2001 OAC and geodemographics torespond, without limiting the user engagement to only a few preselected respondents. Asample response form can be found in Appendix A.
4.3.2. Findings from the User EngagementThe findings in this section are based on the summary of responses to the 2011 OAC userengagement published by the ONS in May 2012 (ONS, 2012k). The ONS and UCL received38 responses from a mixture of local and central government, primary care trusts, otherpublic sector organisations, consultancies, commercial organisations and academics.The findings of the 2011 OAC user engagement are summarised in this section. Copies ofthe fully tabulated results and some comments from respondents can be found inAppendix B. The respondent types have been classified into one of six groups as shownin Table 4.1.
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Table 4.1: Responses by stakeholder group
Respondent Type Responses Percentage of totalLocal Authorities (LA) 19 50Central Government (CG) 2 5Health (H) 3 8Other Public Sector (PS) 3 8Commercial Organisations & Individuals (CO) 7 18Academia (A) 4 11
Total (All) 38 100
From the 38 responses half came from local authorities and 12 asked for their commentsto remain confidential. The responses from various stakeholder groups reflect thecontinued interest in the 2001 OAC and how important it is for the 2011 OAC to cater tonumber of different disciplines. The results and a brief interpretation for each questionare detailed below. Note that figures are presented as percentages that may not sumexactly to unity due to rounding. Counts are included in the brackets.
4.3.2.1. The current 2001 Area Classification for Output
Areas
Question 1: Do you know what the current 2001 Area Classification for Output
Areas (2001 OAC) is?
Table 4.3: Responses to Question 1 of the 2011 OAC user engagement
Of the 38 responses received only 1 respondent did not know what the 2001 OAC was.The 2001 OAC can therefore be considered to have had wide penetration across multiplestakeholder groups that have an interest in geodemographic classifications. It isunsurprising that the majority of respondents were familiar with the classification as the2011 OAC user engagement was primarily aimed at 2001 OAC users.
All LA CG H PS CO AYes 97 (37) 100 (19) 50 (1) 100 (3) 100 (3) 100 (7) 100 (4)No 3 (1) 0 (0) 50 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Total 100 (38) 100 (19) 100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
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Question 2: Do you (or your organisation) currently use the 2001 OAC?
Table 4.4: Responses to Question 2 of the 2011 OAC user engagement
Twenty-three of the respondents indicated they, or the organisation they work for,currently use the 2001 OAC. The proportion of organisations using the 2001 OAC varieddepending on stakeholder group; over half of the local authorities that responded do notcurrently use the 2001 OAC, while over half of commercial organisations and individualsdo use it. The 23 respondents who indicated that they or their organisation currently usethe 2001 OAC were also asked an additional question:
2a. If you answered “Yes” how long have you (or your organisation) been using the
2001 OAC for?
The majority (87%) of those currently using the 2001 OAC have been doing so for 2 yearsor more. This is a pattern seen in all stakeholder groups that currently use the 2001 OAC.These historical users of the 2001 OAC can be considered to have a good understandingof what their requirements for the 2011 OAC are.
Question 3: If you answered “No” to Question 2 have you (or your organisation)
previously used the 2001 OAC?Only the 15 respondents who indicated they, or their organisations, do not currently usethe 2001 OAC were eligible to answer this question. 67% of users did however indicatethey had used the 2001 OAC previously. This question was then subdivided to elicitfurther information:
3a. If you answered “No” why have you never used the 2001 OAC?
3b. If you answered “Yes” how long ago did you (or your organisation) stop using the
2001 OAC?
3c. If you answered “Yes” why did you stop using the 2001 OAC?
All LA CG H PS CO AYes 61 (23) 47 (19) 0 (1) 100 (3) 67 (3) 71 (7) 100 (4)No 39 (15) 53 (0) 100 (1) 0 (0) 33 (0) 29 (0) 0 (0)
Total 100 (38) 100 (19) 100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
112 Chapter 4 – A New Area Classification for the UK
These questions sought to try and find why 15 of the respondents were not currentlyusing the 2001 OAC. Respondent 20 from central government who had never used the2001 OAC said: “there was a lack of general awareness that such a free product producedcentrally existed”. This raises the issue of publicising the existence of free open-sourcegeodemographic classifications.
Ten respondents who had previously used the 2001 OAC indicated that the main reasonthey had ceased to use the classification was due to a shift towards using onlycommercially available systems. Respondent 5 commented: “we currently hold a Mosaiclicence that offers data at a more local level”, while respondent 7 indicated that the 2001OAC “groups and descriptions do not reflect reality”. The outcome is the respondentswho use commercial systems do so, not only because they offer services that the 2001OAC does not, but because the 2001 OAC is believed to be flawed, or even wrong, in someareas of the UK.
Question 4: What alternative commercial geodemographic classifications do you
(or your organisation) use?The responses from all stakeholders indicated that commercial geodemographicclassifications are heavily used; the dominant classifications being ACORN by CACI andMosaic by Experian (both used by 31% of respondents). Several respondents gavereasons for this: “the commercial product gives better discrimination for smallergeographic areas and has proved to be more accurate than [the 2001] OAC, particularlyin rural areas” [respondent 8], “Mosaic is user friendly” [respondent 22] and “Mosaicprovides a household and postcode-level granularity and reflects the diversity of thearea far better than [the 2001] OAC” [respondent 15]. Another comment, thatcommercial products “provide better discrimination than [the 2001] OAC and have lessissues for London” did also note: “however, they are closed source” [respondent 37],acknowledging one potential benefit of the 2001 OAC.
There were 10 stakeholder respondents who stated they did not use commerciallyavailable classifications, which indicates their continued use of the 2001 OAC.Respondent 2 justified this on the grounds that “[the 2001] OAC offers much better value,basis & user engagement,” while respondent 9 stated that they “have no budget forcommercial products”.
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Question 5: Please indicate the geographical coverage(s) you favour when using a
geodemographic classification?This question attempted to understand how different users use geodemographicclassifications, and if they require a countrywide product or one that focuses on a smallergeographic region. The variation seen in the responses from the different stakeholdergroups provides an indication of the different ways geodemographic classifications canbe used. For local authorities the preferred geographical coverage is at a more local level,while central government requires a more national view. There was no consensus fromthe respondents, with each geographical coverage option gaining multiple responses.This in part reflects the personal needs and requirements of each respondent, but thisvariation in responses indicates a demand for a more flexible approach whenconstructing the 2011 OAC to cater for a larger percentage of user needs. Some usersfound the UK-wide coverage of the 2001 OAC to be a disadvantage as it meant theyobtained less detailed information relating to their specific local area. On the other hand,some users saw this as an advantage, appreciating the opportunity to compare theirlocality to others across the country.
Question 6: Would you welcome a new version of the 2001 OAC?
Table 4.5: Responses to Question 6 of the 2011 OAC user engagement
There was a general consensus across all stakeholder groups and a clear majority ofrespondents (89%) that a 2011 Area Classification for Output Areas (the 2011 OAC)would be welcomed. The number of respondents who would welcome the 2011 OAC isgreater than those who currently use the 2001 OAC. Caution should however be attachedto this figure as welcoming the creation of the 2011 OAC does not equate to the samenumber of people or organisations using it. It does however indicate that the majority ofrespondents do see creating the 2011 OAC a worthwhile endeavour.
All LA CG H PS CO AYes 89 (34) 95 (18) 100 (2) 67 (2) 100 (3) 86 (6) 75 (3)No 8 (3) 0 (0) 0 (0) 33 (1) 0 (0) 14 (1) 25 (1)No Answer 3 (1) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total 100(38) 100 (19) 100 (2)
100
(3)
100
(3)
100
(7)
100
(4)
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Question 7: Should a new 2011 Area Classification for Output Areas (2011 OAC) be
a general purpose classification (like the current 2001 OAC), or should it focus on
producing specialised variants (such as health, education or crime)?
Table 4.6: Responses to Question 7 of the 2011 OAC user engagement
The divide in opinion shown in the responses to this question reflects the split betweenthose seeking a general purpose classification and those wanting a niche solution.Respondent 34 commented that:
“The idea of differing versions of the [2011] OAC is an interesting one. I think a key
requirement of the main [2011] OAC and any alternative version is clarity about
what is being measured. There is a tendency for general classifications to try and
cover a wide range of variables, meaning that the final classification tries to cover
too many bases and loses clarity. Thus a series of specific focussed sub
classifications might be a valuable approach.”
Like the responses for geographic coverage (question 5), there does seem to be a demandfor a more flexible approach when constructing the 2011 OAC in order to cater todifferent needs.
Question 8: Flexibility in specifying the variables that are to make up the 2011 OAC
would open up a range of options for area classification using Open Government
Data. Is it important to you that the 2011 OAC be directly comparable – in terms of
similar Census data being used to construct it - with the 2001 OAC?
All LA CG H PS CO A
General purpose 55(21) 53(10) 100(2) 33 (1) 33 (1) 57 (4) 75 (3)Specialised variants 45(17) 47 (9) 0 (0) 67 (2) 67 (2) 43 (3) 25 (1)
Total 100(38)
100
(19)
100
(2)
100
(3)
100
(3)
100
(7)
100
(4)
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Table 4.7: Responses to Question 8 of the 2011 OAC user engagement
The majority of respondents indicated that they do not believe the 2011 OAC needs to bedirectly comparable with the 2001 OAC. Two of the three respondents from the Healthstakeholder group felt the two OAC’s should be comparable. Respondent 26 didcomment: “although answering ‘No’, for continuity and ‘what has changed?’ purposesdirect comparability to 2001 would help”. Another respondent stated: “a stableclassification would be more useful. A classification stable 1991-2011 ideally”[respondent 35]. The creation of a classification that spans numerous Censuses wouldno doubt be a useful product; however, this would go beyond the specific aims of thisproject. Although, an open and transparent approach in the construction of the 2011 OACdoes allow users the possibility of modifying the methodology for bespoke purposes,including adding a temporal component to a classification. The 33 respondents who said‘No’ were then asked a follow up question to ascertain what alternative priorities theyhad:
8a. If you answered ‘No’ then what are the other priorities that are important to you
in the construction of the 2011 OAC?
The dominate answers given to this question were ‘updateable’ (36% of responses) and‘better variables’ (46% of responses). These responses suggest potential users of the2011 OAC value the importance of how a classification is composed. Respondent 8commented: “I would like to see a wide range of variables being used from differentsources (Open Government Data)”. Using such variables that could also be updatedwould seem to adhere to what a large number of respondents requested. Only 2respondents indicated they would consider the use of Open Data to be a priority for usewith the 2011 OAC. This would seemingly contradict the desire to create an updateableclassification, although it can be thought as the respondents suggesting they would valuean updateable classification and they do not mind where the data come from or whatlabel this data are given. There were other suggestions from respondents: “betterdistinctions between the groups and names” [respondent 10] and “more documentation
All LA CG H PS CO AYes 13 (5) 11 (2) 0 (0) 67 (2) 0 (0) 0 (0) 25 (1)No 87 (33) 89 (17) 100 (2) 33 (1) 100 (3) 100 (7) 75 (3)
Total 100 (38) 100 (19) 100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
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that is accessible rather than technical on each cluster” [respondent 31] suggest the rolein assigning group names and providing additional documentation is also consideredimportant.
Question 9: The 2001 OAC divides the population of the UK into 7 Supergroups, 21
Groups and 52 Subgroups. How would you describe this framework when using
the 2001 OAC for your particular purposes?The responses to this question indicate overall the respondents felt the way the 2001OAC divided the UK was either ‘satisfactory’ or ‘good’, with 75% of the responsesindicating this. Only a single respondent felt the structure was excellent and a further 7found it either limited or extremely limited. This links with the previous questions thatindicates respondents have different priorities from a geodemographic classification.One respondent commented that they only used the 7 Supergroups and 21 Groups asthey find the 52 Subgroups too detailed for their particular purposes.
4.3.2.2. New for the 2011 Area Classification for Output
Areas
Question 10: Thinking about how you use and interpret the 2001 OAC, how useful
do you think each to the following options would be to you for the 2011 OAC? (1 =
Not at all useful to 5 = Extremely useful)The options given were:
10a. Maps in PDF (or similar) format that are not interactive
10b. Online interactive maps with clickable details
10c. Mapping against different backdrops (such as Google Maps or
OpenStreetMap)
10d. Correlation tables (showing to what extent the variables within the
classification correlate with each other)
10e. Bar graphs of the group’s attributes
10f. Radial plots of the group’s attributesFull tabular results to this question are shown in Section B.1.1.2 in Appendix B. Theresponses from these questions indicate that across all stakeholder groups there is aneed to understand what the classification means, and not just show what theclassification is. For example, 74% of respondents rated the inclusion of bar graphs of a
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clusters attribute as ‘useful’ or ‘extremely useful’, and 56% said the same for radial plots.These outputs allow for a better understanding of the composition of the groupsproduced, rather than just looking at the visual distribution that a PDF map offers(something 21% of respondents rated as ‘not at all useful’). These type of responsesdiffer from question 8 where they indicated a greater interest in how the classification iscomposed rather than how it is presented. The responses to question 8 do not devaluethe importance of understanding the 2011 OAC, and there was a particular interest inbeing able to view tables of how the variables used in the classification correlate witheach other. Outputs such as these and bar graphs were not made available for the 2001OAC and neither were any online interactive maps provided initially. The majority ofrespondents (76%) suggested they would find such a facility for the 2011 OAC to beeither ‘useful’ or ‘extremely useful’ and would value the ability to overlay layers such asGoogle Maps or OpenStreetMap (OSM).
Question 11: Thinking about your own understanding of the existing 2001 OAC,
how useful do you think each of the following options would be to you for the 2011
OAC? (1 = Not at all useful to 5 = Extremely useful)The options given were:
11a. Group Name
11b. Graphical Representation (radial plots and bar graphs)
11c. Group definitions (a written summary of the key characteristics of each
group)
11d. Key points of characteristics you would expect to find in each group
11e. Written ‘pen portraits’ of typical households found within each group
11f. Written ‘pen portraits’ of typical housing and built environments found in
each .group
Full tabular results to this question are shown in Section B.1.1.2 in Appendix B. Followingon the theme of question 10 of understanding the classification, all the options given inquestion 11 on the different methods that could be used to enhance understanding of the2011 OAC were popular across the stakeholder groups. The majority of respondents(87%) identified each cluster having a name to be either ‘useful’ or ‘extremely useful’.Written descriptions were also considered particularly favourable, with 87% ofrespondents stating pen portraits would be ‘useful’ or ‘extremely useful’ for aidingunderstanding household characteristics. In addition to this, 79% of respondents
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indicated that pen portraits of physical environment would be ‘useful’ or ‘extremelyuseful’, and 97% said the same about knowing what the key characteristics of each groupwere. These responses suggest a need for more detailed understanding of theclassification to compliment the quicker interpretation offered by a cluster name, bargraph or radial plot.
Question 12: Do you agree with the view that it would be helpful to adjust the
composition of each group for different parts of the UK (so, for example, there
might be separate classifications made for London, or Scotland)?There was no consensus from the respondents regarding if separate classificationsshould be part of the 2011 OAC. Across the stakeholder group there were slightvariations; 42% of local authorities stated they ‘agreed’ with the concept compared to a75% of academics who either ‘disagreed’ or ‘strongly disagreed’ with it. Only a limitednumber of respondents explained their decision, but one comment: “the downside islosing comparability between areas” [respondent 3] demonstrated an understanding ofthe problem of having multiple separate classifications. Other comments fromrespondents indicated that a national 2011 OAC along with separate classificationsshould be constructed: “I would welcome local variants, but these should supplementrather than replace the UK-wide OAC” [respondent 29] and another suggestion: “wewould prefer to have consistent classifications across GB/UK and finer region specificsubcategories, which could be aggregated up to the consistent GB/UK classifications,may be useful” [respondent 20]. This again suggests the need for the construction of the2011 OAC to allow for potential variants created by/for potential users.
Question 13: Please identify what, if any, extra features would you like the 2011
OAC to have when compared with the 2001 OACA large number of respondents did not answer this question. Of the 20 that did, theirresponses indicate, like questions 10 and 11, a greater understanding of the groupswould be welcome with the 2011 OAC. The comments some respondents made are aclear indication of this: “I like the idea of Pen Portraits as this enables people tounderstand the groups better” [respondent 7], “Group and Type names in particularfrom the outset, also pen portraits and an interactive multimedia guide withvisualisations of data variables” [respondent 4], “it would be good to have names for the52 sub-groups… a name is easier to explain than a number” [respondent 18] and “thedifficulty with the 2001 OAC was that the characteristics even of the Supergroupsweren't that clear, and were worse with the smaller groups. I think the Subgroups are
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possibly superfluous. Clear names and descriptions are needed for every categorisation”[respondent 34]. Pen Portraits, detailed descriptions of each group’s characteristics, inparticular appear to be desirable to local authorities, central government andcommercial organisations. There were other extra features identified but these variedmore by the respondent’s particular needs. An example of this is respondents wished tohave features that are currently only available in commercial systems, such as a postcodelevel classification. There was also the generic comment made by multiple respondentsthat the 2011 OAC should aim “to be more like Mosaic”.
4.3.2.3. Dissemination of the 2011 Area Classification for
Output Areas
Question 14: Which methods of dissemination for the 2011 OAC would you be most
likely to use?Respondents were allowed to select any combination of the following five options:
 Online interactive mapping
 Enhanced online interactive mapping
 Microsoft Excel/CSV file(s)
 Software to append the 2011 OAC codes to postcodes
 Digital Boundary Data
Full tabular results to this question are shown in Section B.1.1.3 in Appendix B. Therewas limited variation in the responses, suggesting while stakeholders may usegeodemographic classifications for different purposes, they still rely on similar outputs.The majority of the 19 local authorities who responded said they would most likely useCSV files or digital boundary data. Other stakeholders provided similar responsesmaking CSV files and digital boundary data the most popular method of dissemination.Other methods, such as online and enhanced online interactive mapping generated onlylimited interest when compared to the other dissemination options. Making multipleoutputs available would seem the most appropriate way to satisfy these identified needs.
Question 15: Other data sources could be used to give greater context to the 2011
OAC. Rather than contributing to the classification itself, these could be used to
help visualise the 2011 OAC in different ways. What (if any) data sources would
you like to be able to use alongside the final 2011 OAC output?
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Respondents were allowed to select any combination of the following seven options:
 Index of Multiple Deprivation (IMD)
 Temporal data
 Health related data
 Land use data
 Weather history data
 Travel to Work areas
 Other survey data
Full tabular results to this question are shown in Section B.1.1.3 in Appendix B. The IMDwas the most desired additional data source to aid the visualising of the 2011 OAC, with33 respondents indicating this. The use of the IMD would however not be consistentacross the UK due to each country producing their own variant. Other data sources, suchas those related to health, had less support. The results varied depending on therequirements of each stakeholder group, with must options being selected by a limitednumber of respondents. Aside from the IMD, there appears to be limited desire to useadditional data sources in order to help visualise and add greater context to the 2011OAC.
4.3.2.4. Construction of the 2011 Area Classification for
Output Areas
Question 16: There are multiple levels of spatial resolution that data can be
produced. In addition to Output Areas are there any other spatial resolutions you
believe would benefit from having their own classification?Full tabular results to this question are shown in Section B.1.1.4 in Appendix B. LowerLayer Super Output Areas (LSOAs), Data Zones (DZs) and Super Output Areas (SOAs) hadthe most responses to this question, with 32 of the respondents indicating these spatiallevels would benefit from having their own classification. The concept of a classificationat local authority level was also popular with 18 respondents indicating they would findsuch a product beneficial. Three respondents, all from commercial organisationssuggested creating a classification as postcode level, to emulate those offered bycompanies such as Experian and CACI. This is an understandable, but difficult, request tofulfil when the 2011 OAC, like its predecessor, focusses on data at the OA level. OAs arethe smallest level at which Census data are produced and typically are made up of
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multiple postcodes. It is important that the 2011 OAC does not lose focus and as such“OAs remain top priority - the others are nice to have” [respondent 33]. This questiondoes re-affirm earlier conclusions that the respondents all use geodemographicclassifications differently and therefore have different requirements for what would bea ‘perfect’ 2011 OAC for them.
Question 17: The 2001 OAC uses only 2001 Census data in its construction. It has
been suggested that, in addition to using 2011 Census data, it might be possible for
the 2011 OAC to be enhanced with supplementary non-Census Open Data sources,
and updated periodically over time. Would you find this beneficial?
Table 4.8: Responses to Question 17 of the 2011 OAC user engagement
The majority of respondents (87%) indicated they would find it beneficial for the 2011OAC to be updated using non-Census Open Data sources. There were however varyingdegrees of enthusiasm in comments left by the respondents. Some were positive aboutupdating the 2011 OAC:
 “This brings the Census-based classification to life!” [respondent 10]
 “Would enable the classification to more closely reflect current conditions bypicking up changes such as new housing developments.” [respondent 1]
 “To address the risk that [the 2011] OAC is perceived as irrelevant or out of date- periodic updates bring [the 2011] OAC in line with more commercial productsand demonstrate on-going relevance (as well as show change over time)”[respondent 2]
 “The addition of more data will enhance the value of the [2011] OAC and usingOpen data will promote the aims of the open initiative further.” [respondent 28]
 “I think constantly adding new analysis to the [2011] OAC categories keeps themfresh in peoples' minds and constantly adds new understanding” [respondent 7]
All LA CG H PS CO AYes 87 (33) 95 (18) 0 (0) 100 (3) 100 (3) 100 (7) 50 (2)No 5 (2) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 25 (1)Do notknow 8 (3) 0 (0) 100 (2) 0 (0) 0 (0) 0 (0) 25 (1)
Total 100(38)
100
(19) 100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
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 “Enriches and updates the 2011 Census results - as long as no cost involved”[respondent 9]
 “This would be useful where there are gaps in the Census questions coverage.”[respondent 6]
There were however some respondents who took a more cautious line, while somedisagreed with any sort of updating:
 “Updating may give [the 2011] OAC more credibility with people liable to dismissCensus data as too out-of-date to be relevant. However, when using the 2001 OACwith groups more than 10 years after the Census, I've found that most recognisethe designation of their neighbourhoods - the purpose of updates shouldtherefore be more than "enhancement.” [respondent 29]
 “Extra data yes; updating no (because Census not updatable in the same way)”[respondent 36]
 “The addition of non-Census data will impact on reproducibility - unless thesources are entirely Open Data; which at OA level is unlikely” [respondent 37]
 “I think there is a role for a Census only classification” [respondent 19]
 “Depends on the types of dataset used and how they could enhance theclassification.” [respondent 21]
The range of different opinions the respondents had on this issue is perhaps a reflectionof the varying knowledge the respondents have about geodemographic classifications.Some respondents indicated what they would like without knowing what is technicallypossible, while other respondents have a better understanding of the limitations ofgeodemographics and data and had different opinions as a result. The conflictingrequirements that arise from the answers to this question cannot be easily resolved, andthe final choice of data source(s) ultimately must provide the greatest benefit to thegreatest number of people and/or organisations.
Question 18: It is unlikely that many Open Data sources will offer UK wide
coverage. What extent of coverage do you believe is a minimum requirement for
an acceptable general purpose classification?
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Table 4.9: Responses to Question 18 of the 2011 OAC user engagement
The responses again reflect the different needs of respondents. Depending on what therespondent, or their organisation, uses geodemographic classifications for will influencethe coverage they believe is a minimum requirement for a general purpose classification.The two most common responses, countrywide and local authority, would suggest thata classification created using Open Data would still need to allow comparison across acountry and provide detailed characteristics at the local authority level. At present sucha scenario would be challenging to create, due to the non-availability of appropriate datasources. Even it if were feasible it would still require national level classificationssupplemented by separate ones for every local authority. Any benefits achieved fromutilising Open Data sources would outweighed by the negatives such a scenario wouldcreate.
Question 19: If the 2011 OAC could be updated with new data, how frequently
should this be done?Respondents were allowed to select one of the following three options:
 Once a year
 Every two years
 Every three years or longer
Full tabular results to this question are shown in Section B.1.1.4 in Appendix B. Theresponses to this question suggest that stakeholders would welcome updating of the2011 OAC, if possible, on a regular basis. The preferred choice was once a year, with 42%of the responses with every two years having 26% and every three years or longerhaving 29%. Within this there could be an element of desire on the part of the
All LA CG H PS CO AUK only 10 (4) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 75 (3)Countrywide 43 (18) 43 (9) 50 (1) 0 (0) 40 (2) 71 (5) 25 (1)Regional 17 (7) 19 (4) 0 (0) 0 (0) 20 (1) 29 (2) 0 (0)Local Authority 26 (11) 33 (7) 0 (0) 100 (3) 20 (1) 0 (0) 0 (0)Ward 2 (1) 0 (0) 0 (0) 0 (0) 20 (1) 0 (0) 0 (0)No Answer 2 (1) 0 (0) 50 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Total 100(42)
100
(21)
100
(2)
100
(3)
100
(5)
100
(7)
100
(4)
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respondents, rather than any particular need they may have identified. The actual needfor a classification to be updated regularly is debateable (as discussed in Section 2.8.3),but it does not help encourage continued use if it is perceived to be out of date. Regularupdating of the 2011 OAC in some form would be both beneficial to the how theclassification is perceived and welcomed by the majority of respondents.
Question 20: Change in the social, economic and demographic structure of areas
in the UK occurs at different rates. Instead of updating the 2011 OAC it might be
possible to use non-Census sources to flag areas where population changes have
occurred, enabling the user to recognise parts of the UK where the classification
had probably become unreliable. Would you find this helpful?
Table 4.10: Responses to Question 20 of the 2011 OAC user engagement
With the exception of 1 respondent who did not answer, the 37 other respondents allindicated they would welcome some form of uncertainty measure to be included as partof the 2011 OAC. Respondent 34 commented: “I think that a system that flags areas thathave changed would be a useful product in its own right”. There were however somemore cautious comments made by another respondent: “if this proposal wereundertaken to flag where the segmentation has become unreliable the commercialsegmentation vendors would exploit it” [respondent 30]. They did however offer analternative suggestion: “social media use by [the 2011] OAC could be an interestingavenue of exploration given the increasing volume of freely available geocoded socialmedia” [respondent 30]. The responses, along with the comments made, suggest thatsuch a measure is desired by the respondents, but should be approached with caution.
All LA CG H PS CO AYes 97 (37) 95 (18) 100 (2) 100 (3) 100 (3) 100 (7) 100 (4)No 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)Do not know 3 (1) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total 100(38) 100 (19) 100 (2)
100
(3)
100
(3)
100
(7)
100
(4)
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4.3.2.5. Other CommentsThe respondents were also given an opportunity to leave any additional commentsrelating the 2011 OAC. A selection of these comments have been included in Appendix B.These specific comments were used in tandem with the tabulated findings of the 2011OAC user engagement to help define what the user requirements for the classificationwere. These are reported in Section 4.4.
4.4. 2011 OAC Findings and User RequirementsThe responses to the 2011 OAC user engagement provided detailed insight into whatpotential users of the new classification considered important issues. Although there wasa reasonable response rate to the user engagement, the variation between therespondent’s backgrounds made it difficult to create a clear set of user requirements.Questions where general agreement occurred tended to be statements of intention, suchas 89% of respondents indicating they would welcome the 2011 OAC. On more specificissues, such as which data source(s) to use, there was less agreement. Instances such asthese were a reflection that respondents utilise geodemographic classifications indifferent ways. As a result, user requirements and expectations appeared limited to thisoutlook. Although there was not total agreement on many issues, there were still somegeneral themes that could be found in the responses. These themes can be broken intothe following six points:
 Using the best possible data source(s) for the 2011 OAC
 Open Data to have a role with the 2011 OAC
 The need to evaluate the effectiveness of the 2011 OAC
 The 2011 OAC to be a general purpose geodemographic classification
 Provide additional information about the outputs of the 2011 OAC
 The need to publicise the 2011 OAC
These points form the basis of the user requirements of the 2011 OAC and are exploredin more detail below. Each point was carefully considered in order to select the bestoptions for the greatest number of respondents.
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4.4.1. Using the best possible data source(s) for the 2011 OACThe respondents did not agree on what data should be used to create the 2011 OAC. Withno general consensus formed it was decided that the 2011 OAC would focus on usingonly Census data. The rationale behind this decision was based on the desire for the 2011OAC to be created at the smallest spatial level, and at present the Census remains theonly UK-wide data source that provides data at a small enough granularity to accomplishthis. As such the 2011 UK Census can be considered the best possible data source for the2011 OAC and supplementing it with additional Open Data sources introduces too manyuncertainties with little benefit.
4.4.2. Open Data to have a role with the 2011 OACThe majority of respondents who expressed a desire to use Open Data sources did sobecause they felt the 2011 OAC should be periodically updated. This was considered oneof the priorities for the new classification (along with selecting better variables). The useof only Census data to construct the 2011 OAC means it will not be possible to replicatethe methodologies used by commercial operators to update their classifications as theyincorporate a range of data sources. The alternative proposal, of including an uncertaintymeasure with the 2011 OAC, to identify OAs and SAs as having potentially undergonesome change in either their social or built up environment, thereby suggesting theirgeodemographic assignment may be uncertain, was welcomed by all but one respondent.Although this is not a direct replacement for continual updates of the classification, itwould allow the continued relevance of the 2011 OAC to be assessed.
4.4.3. The 2011 OAC as a general purpose geodemographic
classificationThe majority of respondents wished for the 2011 OAC to be a general purposeclassification, but not directly comparable with the 2001 OAC. A provision to allow forspecialised variants was stated as a desirable feature, both to allow for regionalclassifications and bespoke classifications (e.g. health). This was indicative of a desireexpressed by respondents to have more control on adapting the classification to theirown purposes. This relates back to a key concept of the 2011 OAC to have an open andtransparent methodology. Making resources such as code available so users can modifythe classification for their own purposes means this will be a possibility.
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4.4.4. The need to evaluate the effectiveness of the 2011 OACSome former users of the 2001 OAC felt that the classification groupings and descriptionswere flawed and not a reflection of reality. No geodemographic classification will everbe perfect, but the advantage of the 2011 OAC being constructed within an academicframework means that it can be critiqued in an open and transparent way with allground-truthing exercises documented. Any flaws that are found can be highlighted tothe wider user base and fixed. The issues the 2001 OAC had with London werehighlighted by some respondents, noting that closed commercial systems offered betterdiscrimination. The creation of the 2011 OAC is not a guarantee that such issues will notbe repeated, but the key concept of creating an open and transparent methodologymeans that the classification can be re-engineered by users if desired.
4.4.5. Provide additional information about the outputs of the
2011 OACThe respondents generally agreed that the 2001 OAC divided the UK in either asatisfactory or good manner with 7 Supergroups, 21 Groups and 52 Subgroups. Somerespondents indicated they would welcome a greater understanding of these groups andin particular naming the Subgroups and descriptions for all of the groups. Although thesewere the most favoured features of the 2011 OAC, they was a general desire to makemultiple outputs available that explained the composition of the classification.
4.4.6. The need to publicise the 2011 OACThe awareness of the existence of a free open geodemographic classification was highamongst respondents, with only one respondent unaware of the 2001 OAC. Although thislack of awareness was in the minority, the targeting of the 2011 OAC user engagementat past and present 2001 OAC users meant that these responses were unsurprising. Therespondent who was not aware of the 2001 OAC did not cite any specific reason for theirgeneral lack of awareness, but this does suggest a need to publicise the existence of the2011 OAC beyond current and past 2001 OAC users. The 2011 OAC should not be limitedto being only for these users, and the classifications wider adaption will be important toits continued use in the future.
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4.5. ConclusionsThe formation of the 2011 OAC shares many similarities with previous geodemographicclassifications, yet can be considered a unique product. This uniqueness is derived froma combination of key concepts and the user requirements of the classification, which,acting together provided a blueprint on the processes involved in constructing the 2011OAC. The key concepts are both a reflection of the decisions made internally and ofexternal factors, such as the Open Data agenda, and are a natural by-product of thesedifferent demands. Perhaps the most important key concept was the desire to collect theviews of potential 2011 OAC users to ascertain their requirements for the classification.There were many different methods available that could have been used to facilitate thecollecting of these views, but an online questionnaire was selected as the most suitablemethod. The 2011 OAC user engagement ran for 6 weeks and received 38 completedreplies, providing valuable insight into respondent’s expectations of the newclassification.
The responses to the 2011 OAC user engagement lacked any form of general consensuson multiple questions. Patterns emerged of respondents from different backgroundshaving different priorities for the 2011 OAC, for example, those from the healthstakeholder group indicated they wanted a more health-focused classification. Althoughvariations existed in some of the specific expectations for the 2011 OAC, broader themesdid emerge. The use of Open Data had conflicting responses, although these gave theimpression that using the best data source(s) for the 2011 OAC should be a priority. Assuch, this formed one of the six user requirements, rather than specifically stating whichdata source(s) to use. The other five user requirements were selected as they eitherreflected the views of a number of respondents, or because they enhance the 2011 OACand therefore appeal to a wider range of potential users.
The combination of the key concepts and user requirements provided a clear set ofguidelines on the creation of the 2011 OAC. The semi-consultation led nature of thismeant all steps required to create the 2011 OAC had some form of input from potentialusers. Looking at how this approach fits within the wider geodemographics field, the keyconcepts devised can be considered applicable to the creation of any opengeodemographic classification. They set out clear principles on how a geodemographicclassification can be created, with the consultation element and subsequent userrequirements an extension of this. The user requirements for the 2011 OAC, whileimportant to the creation of this particular classification, have to be considered unique.
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They are a reflection of a certain set of expectations, based on the needs of individualsand companies, availability of resources and by what is technically achievable. Despitetheir transient nature, adhering to these expectations is what gives a classification on-going relevance and thereby increasing its appeal to a wider user base.
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Chapter 5Temporal and Spatial Stability of SmallArea Classifications
5.1. IntroductionThis chapter is based on Gale and Longley (2013) and examines geodemographicclassifications, their inherent uncertainties and methods for coping with the problemsthat these uncertainties present. A large body of academic literature analyses the fuzzynature of geodemographics (in other words, how accurate the assignment of a group isto a particular area), such as Fisher and Tate (In Press), but there is very little focus onthe spatial and temporal uncertainty of classifications.
Commercial classifications use ancillary data sources to regularly update their products,which is a feature that is popular with users. This is not possible with academicgeodemographic classifications built with Census data due to the unavailability ofregularly updated data sources at fine levels of granularity. The 2001 OAC was releasedover five years after the 2001 Census Day (29th April 2001), and by the time the 2011OAC is released, the representations it provides will be based on data over 13 years old.This may lead to the perception that it is out of date and inaccurate, which may lead manyusers to choose to abandon it (see Section 4.3.2).
Extending the longevity of current and future classifications, like the 2011 OAC, can beconsidered an important issue to users. The alternative to the commercial sectormethods examined in this chapter is to create spatio-temporal uncertainty indicatorsfrom the limited amount of appropriate Open Data available. These indicators allowareas of significant change to be highlighted and question the validity of the originalgeodemographic assignment, giving users more flexibility in the utilisation of aclassification.
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Uncertainty indicators are based on the premise that change in the UK varies bothgeographically and over time. Examining the variances of change across the UK gives ageneral indication of how different areas exhibit change characteristics, both spatiallyand temporally. As only a limited number of data sources are currently available at thefinest spatial level, temporal uncertainty indicators were solely created using mid-yearpopulation estimates (MYEs) and dwelling stock counts. The geodemographic coverageof these indicators varied; MYEs provided UK-wide coverage while dwelling stock countscould only be used for England and Wales.
A third indicator was created by combining the MYEs and dwelling stock counts; againthis was only possible for England and Wales. These indicators were applied to the 2001OAC between 2002 and 2010 to test their usefulness in highlighting the emergence andpropagation of uncertainty during this period. The temporal variance in how uncertaintydeveloped was examined by both the spatial variance within England and the other UKcountries and by the 2001 OAC Supergroups.
The chapter concludes with looking at the inherent uncertainties that exist with thetemporal uncertainty indicators themselves. Additionally, the continued development ofsmall area data source availability is examined, and how this may lead to the creation ofmore comprehensive temporal uncertainty indicators in the future.
5.2. Uncertainty in Geodemographic ClassificationsThe provision of incremental updates is marketed as a key advantage to commercialgeodemographic classifications. Ancillary sources are used to enrich and update theclassifications, with users equating ‘frequently updated’ with being more accurate andthe assumption that these options are the most useful; despite the origins of some of theancillary sources remaining unknown (Experian, 2010; CACI, 2013b). Users cantherefore view the lack of any inter-censual updates to classifications like the 2001 OACas a negative, due to its sole reliance on data from the Census. Indeed, the lack of anyupdates during the lifetime of the 2001 OAC was a concern for some users of theclassification, as shown by the responses to the 2011 OAC user engagement discussed inChapter 4.
The enduring relevance of academic and commercial geodemographic products, at leastfrom a user perspective, differs greatly. The 2001 OAC is now perceived to be of limited
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use in areas of the country that have changed rapidly over the last decade; whilecommercial products which have been ‘freshened up’ using a range of sources that areof unknown provenance, continue to be popular. The clear difference in approachesbetween academic and commercial geodemographic classifications would appear tohave had a detrimental impact on the long-term use of the 2001 OAC and future use ofthe 2011 OAC. Anecdotal evidence from past users suggests that they stopped using the2001 OAC after a few years because they felt it was no longer accurate. Any attempt toupdate a classification like the 2001 OAC, or the 2011 OAC in the future is a complex task.Any geodemographic classification that uses Census data will encounter the problem ofdata latency. It is not possible to reproduce every aspect of a Census dataset withoutundertaking another Census, and towards the end of the decennial cycle the reliability ofthe data becomes increasingly uncertain. The infrequent nature of a national Censusmeans that the traditional methods for temporal updates employed by the commercialsector cannot be applied to classifications like the 2001 OAC and the 2011 OAC, and it isnecessary to consider alternative methods.
The increasing proliferation of government Open Data sources appears to offer somesolutions (see Chapter 3). Yet despite improvements in the availability anddissemination of Open Data, the lack of datasets currently available at OA level isproblematic. As classifications like the 2001 OAC and 2011 OAC are built at the OA andSA level, alternatives to traditional updating methods need to reflect this; recourse tocoarser grained Open Data is therefore not ideal as local detail is lost. Additionalcomplications arise out of the different data dissemination conventions in England andWales, in Scotland and in Northern Ireland, which has implications on UK-wideclassifications.
The only viable alternative at present to updating public sector data used in aclassification’s construction is to use the small number of measures obtainable at the OAlevel to construct temporal uncertainty indicators to highlight the stability ofgeodemographic assignments. These can subsequently be compared at national andregional scales, identifying areas in which significant changes in demographiccompositions have occurred at the small area level. These are not designed to update theclassification, but rather provide an indication of where updates are likely to benecessary.
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Any area deemed to have experienced significant change over time is flagged as beingpotentially uncertain, and therefore a less reliable assignment. The 2001 OAC was theideal classification to test this method. Changes over the past decade are identifiable, andthe distinctive nature of how the temporal and spatial small area change across the UKimpacted the applicability of the classification over a longer time period could beevaluated. The benefit of implementing this type of method is that it could be applied toany geodemographic classification.
During the 2011 OAC user engagement, participants were asked about their desire forthis type of measure to be constructed (see Section 4.3.2.4); the majority of respondentsindicated they would welcome such a facility. This aspiration, coupled with respondentsindicating that they gravitated towards commercial geodemographic classificationproducts because of the perception that classifications like the 2001 OAC are unreliabledue to the absence of any temporal updating, suggests that the creation of a newclassification like the 2011 OAC alone will be insufficient in altering this perception. Inaddition, the 2011 OAC by itself does not address the inherent issue of the spatiallyvariable degradation in the reliability of certain geodemographic assignments over time.The creation of temporal uncertainty indicator(s) that could work alongside the 2011OAC can therefore be seen as a positive development, which should work to reduce theperception that the classification will become irrelevant a few years after its release.
To date, this notion of temporal uncertainty has not been explored in any detail withinthe wider discourse of geodemographics: rather, the main focus of uncertainty withingeodemographics has been at the initial stage of creation of a classification, specificallywith respect to the cluster assignment procedure. For example, there are uncertaintiesinherent in the assignment of any area to a supposedly watertight category, especiallywhere clusters are not tightly defined in multivariate space (Openshaw, 1995). The fuzzygeodemographics approach proposed by Openshaw (1989) is a potential resolution tothis type of uncertainty. Slingsby et al. (2011) provide an example of this approach byvisualising the propensity of each 2001 OAC Supergroup to be present in each OA acrossthe UK. More widely within GIS, the term ‘uncertainty’, is used to denote that almost anyrepresentation is by its nature inherently incomplete (Longley et al., 2010). Theseproblems are compounded when GIS representations seek to accommodate change overtime (Plewe, 2002). In the context of geodemographics, the creation of temporaluncertainty indicators is an attempt to accommodate these problems. This allows fast
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changing neighbourhoods to be identified whilst retaining the small level granularity ofconventional geodemographic classifications for the others.
5.3. Population Change since 2001The 2011 UK Census showed that the population of the UK was 63,182,178, a 6.9%increase from 2001 (ONS, 2012l). This increase in population can be broadlysummarised as a gradual rise year-on-year, as indicated by Figure 5.1. Consistent withthe classic filtering theory of urban geography (Hoyt, 1939), Sleight (2004) hassuggested that this population change is of little over-all consequence for ageodemographic classification. Empirical studies (see Longley et al., 2011) suggest thelonger term stability of regions, with most areas continuing to house the same socialgroups over time, even if the identities of the individuals themselves change. A temporaluncertainty indicator for a geodemographic classification however relies on theassumption that rates of change are not spatially consistent. Therefore quantification ofthe nature and degree of spatial change allows the validity of this assumption to beassessed.
Figure 5.1: Population Change in England and Wales between 2002 and 2010Source: ONS (2013d)
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The defining feature of many area characteristics may be their continued stability, butthis will not be true for every location. MYEs can be used to identify areas that haveundergone change in real terms on a yearly basis. Despite not being able to quantify thechange, MYEs at least allow for identification of small areas which have experiencedfluctuations in their total population. Although equating changes in population size withgeodemographic change is potentially flawed, it does seem likely that areas with themost unstable population counts will also be unstable from a geodemographicsperspective. MYEs are therefore sufficient to highlight areas where the socio-demographic characteristics of an area, and therefore their geodemographic assignment,
may have altered over time.
Population change is a spatial phenomenon. The 6.9% increase in UK populationbetween 2001 and 2011 masks variation at smaller spatial scales. The variations seenacross these levels provide an insight into how change differs between areas. Forexample in the recent UK inter-Census period the populations of England and Walesgrew 7.1% (ONS, 2012a), Northern Ireland 7% (NISRA, 2012) and Scotland 5% (NRS,2013c). Within this there were variations between the nine English regions and the othercountries in the UK. Figure 5.2 uses MYEs from 2002 to 2010 to show how populationchange varied after 2001 between each region/country. London experienced the mostchange, with the North East of England showing the smallest increase over the decade.In real terms, the population of London increased by over 700,000, while that of theNorth East increased by less than 50,000. The uneven distribution of population changeacross England, and the rest of the UK, means that the impact on the socio-demographiccharacteristics of areas varied. As such, citing statistics from coarser spatial levels onlyillustrates general patterns, and data are required at finer levels of granularity to providea more accurate understanding of the spatial variance of population change.
The availability of MYEs at the OA level in England and Wales means that changes inpopulation for these countries can be observed down to the finest spatial scale. Figure5.3 illustrates the maximum absolute deviation from the 2001 population for Englandand Wales between 2002 and 2010 for each OA. The bimodal distribution becomes morepronounced over time, and by 2010 every OA in England and Wales had experienced atleast 1% population change, with 55.1% of OAs increasing in population. In London,64.9% of OAs had an increase in population over this same time period, equating to apopulation increase of 9.1% (ONS, 2011). This increase was not consistent betweenboroughs, with the populations of Westminster and Tower Hamlets seeing increases of
136 Chapter 5 – Temporal and Spatial Stability of Small Area Classifications
24.8% and 18.3% respectively, while that of Brent decreased by 4.8%. Figure 5.4 showshow the increases and decreases in population varied by OA within each borough (seeFigure 5.12 for borough names). The use of OAs allows for these small-scale changes atthe neighbourhood level to be identified, although the significance this change had onthe social, economic and demographic characteristics of each area varied depending onlocal conditions.
Figure 5.2: Population Change in England Regions and other UK countries between2002 and 2010Source: ONS; NRS and NISRA, Mid-Year Population Estimates
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Figure 5.3: Maximum population change since 2001 in England and Wales from2002 to 2010Source: ONS, Mid-Year Population Estimates
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5.4. Dwelling Stock Change since 2001Population counts are not the only indicator of the changing characteristics of an area.The change in the physical environment, such as the number and type of dwellings, isanother important factor. A dwelling can be defined as comprising a single householdspace or several household spaces sharing some facilities, and change in the dwellingstock enumerates the changes in any given area. There is likely to be a strong inter-relationship between changes in population and dwelling stock: for example, dilapidatedhousing stock might be cleared and replaced with new developments at differentresidential densities. In other cases existing housing stock may become occupied athigher residential densities by incomers, or redevelopment may not lead to changes inresidential density. Changes in the total number of dwellings in an area can be the resultof factors such as: new builds; demolition; conversions from houses to flats (or viceversa) and changes to and from residential use. Although unspecified in the statistics, theinteraction between these factors led to a 7.2% rise to 22.8 million total dwellings acrossEngland between 2001 and 2010 (Department for Communities and Local Government,2011b).
Figure 5.4: Population change in London between 2001 and 2010 by Output Area
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Figure 5.5 shows the increase in the number of dwellings across all English regionsduring the last inter-Census period, albeit to different extents. The North East, inconjunction with its population, witnessed the smallest increase. Unlike the changes inpopulation, London had only a slightly larger than average increase in the numberdwellings compared to the national average. Conversely, the South West and the EastMidlands were the two regions that had large increases in the number of dwellings. Thelack of correlation between the population and dwelling increases across Englandindicates differences in the dynamics driving these changes. For example, based on thestatistics alone, it would appear that the growth of London’s population outpaced thecreation of new dwellings with the opposite appearing to be true for the South West. Thetotal change in the number of dwellings provides an alternative view on the stability ofan area when compared with population fluctuation alone.
Figure 5.5: Dwelling change in English Regions between 2002 and 2010Source: Valuation Office Agency, Dwelling Stock by Council Tax Band
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The change in dwelling stock count can be further subdivided according to Council Taxband assignments. Council Tax bands are based on the capital value of residentialproperty in England, Wales and Scotland. The Valuation Office Agency (VOA) assignsevery residential property to a valuation band. In England for example these bands rangefrom ‘A’ to ‘H’, where ‘A’ represents the cheapest dwellings and ‘H’ the most expensive(see VOA, 2008). Identification of the Council Tax bands of dwellings in an area is anothermeans of further differentiating change and also a proxy for household asset holdings(Harper and Mayhew, 2012). Council Tax band assignments are released on a yearlybasis in the public domain in England and Wales, although a property’s band is onlyreassessed if it has been sold in the preceding 12 months (VOA, 2008). In England theassigned band is based on what the VOA estimates the property would have been worthon the 1st April 1991, even if the property was built after this date. The same is also truein Wales, although properties are revalued by reference to values at 1st April 2003(Welsh Assembly Government, 2004). No equivalent data for Scotland or NorthernIreland is in the public domain.
Figure 5.6 shows the increase in the number of dwellings between 2001 and 2010 byCouncil Tax band for the regions in England. Although the North East had the smallestincrease in the overall number of dwelling during this time period, it actually had thegreatest increase in Band ‘B’, ’D’, ’E’, ’F’ and ‘G’ dwellings. This was however coupled witha decrease of around 12,790 dwellings in Band ‘A’. Although the North East hasexperienced a modest increase in the total number of dwellings, there was a shift awayfrom the more affordable to the increasingly expensive type of dwelling. This differedfrom the South West where the largest increase was in affordable Band ‘A’ dwellings.Regions such as the South West and London tended to show relatively consistentincreases across all Council Tax bands, while the North East, West Midlands andYorkshire and The Humber had more variation. The changes these regions experiencedwere therefore not uniform, with modifications to the socio-demographic characteristicsof these regions a reflection of these different dynamics.
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The spatial variations of total population and dwelling stock change across the regionsin England mean the interactions between these two important indicators vary fromregion to region. They provide independent views of the extent of change in anyparticular area. Figure 5.7 draws these two indicators together to assess how theircombined change between 2001 and 2010 differs between the OAs in each Englishregion. The values are calculated by dividing the OAs in England into three categories ofchange for both indicators. The bottom third which experienced the lowest amounts ofchange are classified as ‘Low’, the middle third ‘Medium’ and the top third ‘High’. Thiscreates nine different combinations of change, and the proportion of each of thesecombinations in the regions of England can then be assessed relatively. A similar patternof change exists for most regions in England, although the notable exceptions to this arethe North East and to a lesser extent the South West. In London a higher percentage ofOAs experienced high population change, with smaller increases in dwelling stock toaccompany this than the rest of England. In the North East, a total of 38% of OAs
Figure 5.6: Percentage change of dwellings by Council tax band between 2001 and2010 by Regions in EnglandSource: Valuation Office Agency, Dwelling Stock by Council Tax Band
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experienced low dwelling and low or medium population change, a much higherproportion than the rest of England. London and the South West are notable for havinga smaller proportion of OAs that experienced low dwelling and population change thanthe rest of England.
Figure 5.7: Population and Dwelling change between 2001 and 2010 by Regions inEnglandSource: ONS, Mid-Year Population Estimates andValuation Office Agency, Dwelling Stock by Council Tax Band
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It can be surmised that the rate and type of change across the UK since 2001 isgeographically inconsistent. At various spatial scales population and dwelling stockfluctuations are interacting with each other to create unique change environments.These different types of change, and the relative magnitude to which they occurred,cannot all be dismissed as irrelevant from a geodemographics perspective. The relativesignificance of the change identified, in determining the stability or otherwise ofparticular areas’ socio-demographic characteristics, cannot be understood by looking atthe statistics alone. Although this limits the use of MYEs and dwelling stock change toonly identifying the fact that change has occurred, this is still significant in identifyingareas that are likely to not conform to the assertion by Longley et al. (2011) thatcharacteristics of most neighbourhoods do not change rapidly. Although this conclusionis based on relative, rather than absolute, values to distinguish how change differsbetween regions, it is still appropriate to suggest that MYEs and dwelling stock countsare appropriate to use as temporal uncertainty indicators for a geodemographicclassification. The division of change into ‘High’, ‘Medium’ and ‘Low’ aids comprehensionof the data, but masks the total range of variation. The population change in Englandbetween 2001 and 2010 ranges between 0% and 3,185% per OA, with the mean being14.6%; while dwelling stock ranges between 0% and 23,400% with the mean being12.5%.
5.5. Temporal and Spatial UncertaintyThe limited range of data sources available at the finest spatial scale makes monitoringchange at the neighbourhood level challenging. MYEs and dwelling stock counts are rareexamples of data sources that are made available at the OA level, albeit not with full UKcoverage. It is this lack of data at both the finest spatial scale and with full geographicalcoverage that prohibits the creation of comprehensive temporal uncertainty indicators.Any attempt to counteract this would require additional techniques that seek to quantifyother aspects of change that impact upon areas. Traditional measures of small areaestimation (see Rao, 2005), such as regression models (Fay and Herriot, 1979), Bayesianmethods (Congdon, 2010) or M-quantile models (Chambers and Tzavidis, 2006; Tzavidiset al., 2010) could offer synthetic estimates of change. The benefits of using suchmeasures, however, are still reliant on multiple datasets being made available at thefinest spatial scale and ensuring updates occur on a regular basis. The greater availabilityof data sources made available at the Lower Layer Super Output Area (LSOA) andequivalent levels present one possibility, but the less granular nature of these units’ can
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result in the obscuring of changes at the finest spatial level. The lack of full UK-geographical coverage is another issue. Not all statistics independently released by eachUK country can be tabulated into a single dataset. An example of this is the Index ofMultiple Deprivation (IMD), where the application of different methodologies by eachcountry means that the data cannot be directly compared or combined to form a UKmeasure. The lack of data sources that fit these required criteria means that theseestimation techniques cannot be used.
Utilising the limited number of data sources that are currently available at OA level toconstruct temporal uncertainty indicators provides a simple method of understandingthe enduring relevance of a classification like the 2001 OAC. The benefit of not modifyingthe initial group assignments of the classification is that it maintains stability over itslifetime. Information provided on the likelihood of groups providing an accuraterepresentation of an area is an addition to the classification, not instead of it. Althoughthis method does not have the ability to reassign areas flagged as uncertain, it does offeran alternative to the ways in which commercial geodemographic classifications managetemporal change. The availability of Open Data, either made available or modelled at thefinest level of granularity, means that this situation may change in the future. The outputsof the Beyond 2011 programmes may result in additional datasets being made availableat the finest spatial levels, such as income, economic status and health status, but thiswould be dependent on the ONS obtaining access to relevant data sources (A. Calder,personal communication, 11th November 2013). The extent to which any changes in theavailability of Open Data impact the ability for current and future geodemographicclassifications to either be updated or construct more comprehensive temporaluncertainty indicators is unclear. Therefore the construction of temporal uncertaintyindicators relies on utilisation of the best resources currently available.
MYEs and dwelling stock counts allow for the assessment of two key factors whichimpact upon the temporal reliability of a geodemographic classification assignment: (a)the extent to which the resident population size is likely to have changed, and (b) thenature and amount of recorded changes to the dwelling stock. In each of these caseschanges in either or both of these indicators is likely to lead to differences in thedemographic characteristics of OAs, along with changes in the numbers of individualslikely to bear these characteristics. While the totality of demographic change is unlikelyto be captured by these two measures, nevertheless they provide a measure of the
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reliability of local level demographic estimates and provide an insight into the enduringrelevance of a geodemographic classification.
The production of separate MYEs on an annual basis for England and Wales, Scotlandand Northern Ireland creates a disparity in the granularity at which the data areavailable. In England and Wales they are produced at OA level by single age band for bothmales and females. This is also true of Scotland, except that they are produced at DataZone (DZ) level. Northern Ireland’s output is different in that estimates are produced atSuper Output Area (SOA) level for four age bands. While coverage of the UK is at varyinglevels of geography, the different measures remain useful because in each case theycorrespond to fine granularity Census geography. Dwelling stock data, classified byCouncil Tax band, is made available at the OA level only for England and Wales. The lackof freely available equivalent data for Scotland and Northern Ireland creates a disparityin UK coverage. Therefore utilisation of this data source to form a single temporaluncertainty indicator for the 2001 OAC results in the 21% of 2001 OAs assigned toScotland and Northern Ireland being unrepresented.
The current geographic limitations of using dwelling stock data does not necessarilyprevent it from being used solely or to form part of a temporal uncertainty indicator forEngland and Wales. However the disaggregation of total dwelling stock estimates intoCouncil Tax bands to act as surrogate for housing wealth is hindered by a change in 2005,when new valuation bands and complete revaluation of all 1.3 million home in Waleswas undertaken (Welsh Assembly Government, 2004), rendering them incomparablewith their English equivalents. Nevertheless, while the band intervals are not compatiblebetween the two countries they do allow for general changes in the values of property atthe small area level to be seen; for example redevelopment and attendant upgrading oflow-cost housing since 2001.
The limited number, and geographic inconsistences, of appropriate data sources meansthat any temporal uncertainty indicator created in the present data environment is acompromise. A single comprehensive temporal uncertainty indicator for the UK at theOA level is not possible. As such, separate indicators are required, with annual MYEsproviding full UK coverage, and annual dwelling stock figures being an additionalindicator for England and Wales only. Complications in the incorporation of Council Taxdata for England and Wales, due to further subdivision of the UK following the Welshrevaluation, meant that this potentially rich data source could not be used. Although
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outside the scope of this initial foray into the creation of temporal uncertainty indicators,Council Tax bands could prove to be useful in the future for creating country specificalternatives.
For each indicator, the maximum absolute deviation from the 2001 value over the period2001 to 2010 was recorded. This allows the occurrence of change in circumstances inwhich an initial increase (or decrease) is subsequently compensated for by an ensuingdecrease (or increase) to a value that might suggest that little change had occurred overthe entire period to be recorded. As MYEs are not available for OAs outside England andWales, using the coarser DZs for Scotland and SOAs for Northern Ireland was the bestalternative. In addition to the utilisation of the population and dwelling stock change toform temporal uncertainty indicators, a combination of the two was created for Englandand Wales. The respective change shown by each indicator was standardised using z-scores and brought together to form an overall composite score, where data for eachindicator are available (see Table 5.1).
5.6. Uncertainty and the 2001 OACThe respective merits of using one of the three indicators created to identify temporaluncertainty with the 2001 OAC differs between areas. Although any direct comparisonis limited to England and Wales only, the impact the differing dynamics of change inMYEs and dwelling stock counts have on different areas can nonetheless be quantified.The spatial variation in the relationship between MYEs and dwelling stock countsbetween regions impacts the amount of change identified by composite temporaluncertainty indicator.
Table 5.2 presents a confusion matrix of the areas of change as indicated by MYEs anddwelling stock counts. The data for England and Wales have been ranked and dividedinto deciles for each temporal uncertainty indicator. The OAs that share the same decilefor both of the indicators suggest the uncertainty created in these areas derives equallyfrom population and dwelling stock change. In the OAs where the temporal uncertaintyindicator deciles do not match, it suggests that either population or dwelling stockchange is driving the uncertainty in those areas, but not both. Decile 1 contains the OAsthat have experienced the most change from 2001 to 2010 and decile 10 the least.
Chapter 5 – Temporal and Spatial Stability of Small Area Classifications 147
Table 5.1: Temporal uncertainty indicators
Temporal
Uncertainty
Indicator
Description Geographicalcoverage Data source
Population
Mid-year populationestimates from 2002 to2010 are used tocalculate the maximumabsolute deviation fromthe 2001 UK Censusfigures. This provideseach OA a figure ofmaximum percentagechange in the 2002 to2010 period.
UK
Yearly mid-yearpopulationestimatesprovided by theONS for Englandand Wales, NRSfor Scotland andNISRA forNorthernIreland
Dwelling Stock
Dwelling stock countsfrom 2002 to 2010 areused to calculate themaximum absolutedeviation from the2001 figures. Thisprovides each OA afigure of maximumpercentage change inthe 2002 to 2010period.
England andWales
Yearly dwellingstock by CouncilTax band countsprovided by theValuation OfficeAgency
Composite
The population anddwelling stockpercentage change areeach standardisedusing z-scores. Thesefigures are then addedtogether to form acomposite score foreach OA.
England andWales
Yearly mid-yearpopulationestimates andyearly dwellingstock by CouncilTax band counts
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Decile 1 4.36 1.14 0.80 0.66 0.63 0.54 0.53 0.51 0.47 0.45 10.10
Decile 2 1.80 1.65 1.17 0.97 0.86 0.82 0.76 0.70 0.66 0.63 10.01
Decile 3 0.95 1.41 1.25 1.11 1.07 0.97 0.88 0.85 0.79 0.73 10.00
Decile 4 0.72 1.20 1.19 1.11 1.05 1.03 0.96 0.95 0.91 0.88 10.00
Decile 5 0.55 0.95 1.10 1.11 1.07 1.09 1.05 1.04 1.03 1.01 9.98
Decile 6 0.45 0.90 1.04 1.07 1.05 1.09 1.14 1.11 1.16 1.08 10.09
Decile 7 0.42 0.81 0.93 1.00 1.09 1.07 1.16 1.15 1.17 1.14 9.93
Decile 8 0.38 0.71 0.90 1.01 1.11 1.10 1.17 1.15 1.21 1.24 9.99
Decile 9 0.47 1.23 1.66 1.94 2.09 2.28 2.39 2.53 2.56 2.74 19.89
Decile 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 10.11 10.00 10.04 9.96 10.01 9.99 10.05 9.99 9.96 9.90 100.00
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Decile 10 for dwelling stock contains zero values as 11% of OAs in England and Walesexperienced no change in dwelling stock over the past decade. The relationship betweenMYEs of population change and dwelling stock change shown in Table 5.2 lacks anystrong correlation. One conclusion from this is areas that have experienced largepopulation change are less likely to have experienced a large change in the total numberof dwellings. This suggests that in areas where it is possible, using the compositetemporal uncertainty indicator would be preferable. In part because areas which haveexperienced change in both population and dwelling stock have an increased likelihoodof being misrepresented by their current geodemographic assignment.
The different aspects of change picked up by population and dwelling stock temporaluncertainty indicators, along with a combined composite measure provide an indicationof geodemographic change in England and Wales over the past decade. Table 5.3identifies the thresholds of change, beyond which the 2001 OAC is deemed unreliable.These threshold values, like many decisions in geodemographic classification, aresubjective. The threshold values were based on the identification of areas that werewithin one standard deviation, around 68.2% of the UK’s OAs, and classing them asunchanged. Manual intervention was required to decide upon the final threshold valuesto allow for the greatest compatibility between the temporal uncertainty indicatorspossible, but also limit the areas classified as uncertain to locations where the moreextreme changes in local characteristics have taken place. Overall, the percentage of OAsclassed as uncertain using each of the three temporal uncertainty indicators ranges from21% to 29%. Figure 5.8 displays the distribution of change for each temporal uncertaintyindicator, with the additional inclusion of population change for England and Wales,Scotland and Northern Ireland for reference.
Table 5.3: Threshold distribution of temporal uncertainty indicators
Temporal
Uncertainty
Indicator
Negative
Threshold
Value
Positive
Threshold
Value
Average
percentage
of OAs
Below
Threshold
Average
percentage
of OAs
Above
Threshold
Below
Threshold
to Above
Threshold
Ratio
Population -15% 20% 71 29 2.5:1
Dwelling
Stock -15% 20% 74 26 2.8:1
Composite -0.8 0.4 79 21 3.7:1
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Figure 5.8: Change distribution in 2010 of temporal uncertainty indicators
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Figures 5.9, 5.10 and 5.11 illustrate how the combinations of the three temporaluncertainty indicators can be used alongside threshold values. Each map is a densityequalising cartogram (Gastner and Newman, 2004), in which the area of every OA hasbeen rescaled in direct proportion to its total population in 2010. The 2001 OAC has beenvisualised to show how the change identified by the indicators varied between theassigned geodemographic groups.
The population temporal uncertainty indicator shows that a large number of OAs in theGreater London area experienced population change over the threshold value. The restof England and Wales has a fairly even distribution of above threshold values, but otherurban areas such as Manchester and Birmingham dominate their respective local areas.The dwelling stock temporal uncertainty indicator provides a different picture of changein England and Wales. OAs that have experienced change greater than the thresholdvalues are predominately distributed in the South East and South West of England, with34% of all OAs in these two regions experiencing dwelling stock change greater than thethreshold value.
The composite temporal uncertainty indicator has a different geographical distributionagain; although, as Table 5.3 indicates, it designates fewer OAs in total as uncertain whencompared to the two other temporal uncertainty indicators. Of the population anddwelling stock temporal uncertainty indicators, it is the population measure that isgeographically dispersed across England and Wales, albeit with higher concentrations ofchange in urban areas. Change in the dwelling stock indicator is particularly marked inthe South East and South West of England. The composite indicator also suggests thatthe greatest incidence of change is in the South East and South West of England, and alsowith concentrations in urban areas across England and Wales.
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Figure 5.9: Threshold of Population Change temporal uncertainty indicator inEngland and Wales for the 2001 OAC viewed as a cartogram
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Figure 5.10: Threshold of Dwelling Stock Change temporal uncertainty indicator inEngland and Wales for the 2001 OAC viewed as a cartogramContains Valuation Office Agency data © Crown Copyright and Database Right 2014.
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Figure 5.11: Threshold of Population and Dwelling Stock Composite Changetemporal uncertainty indicator in England and Wales for the 2001 OAC, viewed as acartogramContains Valuation Office Agency data © Crown Copyright and Database Right 2014.
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As shown in Figures 5.9, 5.10 and 5.11, the three temporal uncertainty indicators identifyareas across England and Wales which are subject to the most change. Table 5.4supplements this, tabulating these results by the 2001 OAC Supergroups. A third of theOAs identified as having experienced change above the population temporal uncertaintyindicator threshold are in the ‘Typical Traits’ and ‘Multicultural’ Supergroups, suggestingthat change in the incidence of these two Supergroups is heavily driven by populationsize change. This provides only part of the picture as ‘Typical Traits’ is also influenced bychanges to dwelling stock, as over 20% of OAs identified as having above thresholdchange to dwelling stock are located in this Supergroup. Compared to the 10% figure forthe ‘Multicultural’ and the 21% for the ‘Prospering Suburbs’ Supergroups, it is clear thatdifferent combinations of change drive the uncertainty of geodemographic types tovarying extents. The composite temporal uncertainty indicator provides only a slightvariation to the distributions seen with the dwelling stock measure. While arguably justan artefact of the threshold values used the indicator, it could be the case that the moreextreme change, and therefore uncertainty, seen across the 2001 OAC Supergroups isdriven more by dwelling stock change than just population change alone.
Table 5.4: Above threshold percentage distribution of the temporal uncertaintyindicators by 2001 OAC Supergroup
Temporal Uncertainty
Indicator / 2001 OAC
Supergroup
Population
temporal
uncertainty
Indicator
Dwelling
Stock
temporal
uncertainty
Indicator
Composite
temporal
uncertainty
Indicator
Blue Collar
Communities 11 15 15
City Living 13 7 7
Countryside 12 14 12
Prospering Suburbs 14 21 21
Constrained by
Circumstances 15 11 11
Typical Traits 17 21 20
Multicultural 17 10 13
Total* 100 100 100* Figures may not sum exactly due to rounding
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Table 5.5 illustrates that across the regions of England and Wales there are geographicvariations in the percentage of OAs that have greater than threshold levels of change foreach temporal uncertainty indicator. London for example has 46% of OAs classed asuncertain if using the population temporal uncertainty indicator, but only 19% or 21%if using the dwelling stock or composite temporal uncertainty indicators respectively. Asimilar pattern can be found in Yorkshire and the Humber along with the East Midlands.Conversely, in the South East and South West of England the dwelling stock changemeasure expresses greater uncertainty than the other two indicators. The variabilityseen in uncertainty picked up by the population and dwelling stock temporal uncertaintyindicators between the regions is not repeated for the composite measure. This is due tothe combination of the population and dwelling stock temporal uncertainty indicatorscancelling each other out. The population and dwelling stock temporal uncertaintyindicators have a range of 19% and 18% respectively between the regions in the amountof uncertainty inferred. For the composite temporal uncertainty indicator this is just 5%,suggesting this measure has an increased stability across England and Wales.
Table 5.5: Above threshold percentage distribution of the temporal uncertaintyindicators by regions in England and Wales
Temporal
Uncertainty
Indicator / Regions
in England and Wales
Population
temporal
uncertainty
Indicator
Dwelling Stock
temporal
uncertainty
Indicator
Composite
temporal
uncertainty
Indicator
East of England 29 29 21
East Midlands 30 21 19
London 46 19 21
North East England 27 25 22
North West England 30 29 24
South East England 29 32 20
South West England 30 37 22
Wales 29 29 21
West Midlands 29 23 19
Yorkshire and the
Humber 29 19 21
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Figure 5.13 presents the composite temporal uncertainty indicator for London (for thenames of the Boroughs see Figure 5.12) in 2010, broken down by 2001 OACSupergroups. 22% of London OAs classified as ‘Multicultural’ exceed the threshold, as doa similar percentage of ‘City Living’ neighbourhoods. The ‘Multicultural’ and ‘City Living’Supergroups together comprise over 75% of London’s OAs, and only 15% of OAsassigned to any of the other five Supergroups exceed the threshold. Change in the‘Multicultural’ group is predominantly found in the east of London, in the Boroughs ofTower Hamlets, Newham, Hackney and Barking and Dagenham. The City of London andthe City of Westminster in the centre of London are where the greatest change in the ‘CityLiving’ assignments are found. The distribution of change in the other five Supergroupsshows no distinct pattern. No single area has a particularly high concentration of change,with the areas identified as uncertain being found in isolated pockets situated aroundthe outer-Boroughs of London. These results reflect the dominance of the ‘Multicultural’and ‘City Living’ Supergroups in London, with over three-quarters of the capital fallinginto one or other of these two clusters. The dominance of these two Supergroups meanslarge geographic areas can be identified as being uncertain. Such areas do not exist forthe other Supergroups due to their more sporadic geographical distribution acrossLondon.
Figure 5.12: London Boroughs and the City of London
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Figure 5.13: Distribution of 2001 OAC Supergroups OAs falling above and below the composite temporal uncertainty indicator threshold valuesin 2010Contains Valuation Office Agency data © Crown Copyright and Database Right 2014.
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As the only temporal uncertainty indicator with coverage for Scotland and NorthernIreland is that derived from MYEs for population size, there is limited scope to critiquethe effectiveness of the indicator in these countries beyond analysing its findings, andcomparing it to areas in England and Wales. Figure 5.14 highlights the example ofGlasgow and its surrounding area for each of the seven Supergroups in the 2001 OAC.‘Constrained by Circumstances’ is the dominant Supergroup in Glasgow, with 55% of OAsassigned to it. This dominance does not however translate to an increased propensity forchange as only 31% of OAs assigned to this group are classed as uncertain. In addition,there is no distinct patterning to this change. It does not appear that consolidations ofDZs exhibiting change characteristics of uncertainty have developed over the pastdecade, unlike, for example, the ‘Multicultural’ or ‘City Living’ groups in London. Thereis a similar pattern with the other Supergroups in Glasgow, where no distinctconcentrations of change have developed. The exception to this is the ‘City Living’ groupwhere the majority of uncertain areas are located in the centre of Glasgow. This apparentdifference between Glasgow and London can in part be explained by the total proportionof OAs that have been classed as uncertain. London’s dominant ‘Multicultural’Supergroup has over half of the OAs assigned to that group classed as ‘uncertain’ whenusing the population temporal uncertainty indicator. In terms of overall populationchange, London is a more rapidly changing city than Glasgow with 46%, compared to27% of OAs being above the uncertainty threshold.
Analysis of how the variance in uncertainty across the UK impacts upon the likelychanges in distributions of the 2001 OAC Supergroups between 2002 and 2010 is shownin Figures 5.15 and 5.16. The limited change in 2002 increases steadily through to 2010,with the ‘Blue Collar Communities’ and ‘Prospering Suburbs’ Supergroups experiencinglimited change relative to the ‘Multicultural’ and ‘City Living’ groups. It is evident thatneighbourhoods assigned to different geodemographic groups have differingpropensities to change. Table 5.6 presents the percentage changes for each of the 2001OAC Supergroups between 2002 and 2010, broken down into the constituent parts ofthe UK. The population assigned to each of the 2001 OAC Supergroups has experiencedgreater change in England and Wales, with the change in Scotland and Northern Irelandbeing smaller in magnitude. These results suggest that OAs in England and Wales areproportionally more likely to have changed in the period since 2001. This over-all changecan be further sub-divided according to 2001 OAC Supergroup to accommodate both theeffects of location and geodemographic characteristics and to determine the level ofuncertainty associated with use of the classification.
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Figure 5.14: 2001 OAC Supergroups in the Greater Glasgow region falling above and below the population temporal uncertainty indicatorthreshold values
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Figure 5.15: UK distribution of the population temporal uncertainty indicator by2001 OAC Supergroups in 2002
Figure 5.16: UK distribution of the population temporal uncertainty indicator by2001 OAC Supergroups in 2010
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2001 OAC Supergroup
Bl
ue
Co
lla
r
Co
m
m
un
it
ie
s
Ci
ty
Li
vi
ng
Co
un
tr
ys
id
e
Pr
os
pe
ri
ng
Su
bu
rb
s
Co
ns
tr
ai
ne
d
by
Ci
rc
um
st
an
ce
s
Ty
pi
ca
lT
ra
it
s
M
ul
ti
cu
ltu
ra
l
EW SNI EW SNI EW SNI EW SNI EW SNI EW SNI EW SNI
Pe
rc
en
ta
ge
Po
pu
la
ti
on
Ch
an
ge
0.00 to 9.99 -47 -42 -78 -54 -54 -51 -43 -36 -59 -47 -54 -36 -70 -67
10.00 to 19.99 173 3108 26 1173 105 2778 195 968 105 1208 138 1823 44 591
20.00 to 29.99 341 4040 104 3742 251 2176 274 1788 241 1374 319 1400 135 1000
30.00 to 39.99 479 100 167 100 411 4900 281 1344 409 100 424 100 179 100
40.00 to 49.99 695 1300 281 100 402 6100 322 1150 507 12350 586 100 244 100
50.00 to 59.99 785 100 246 100 423 100 427 1700 600 100 728 3300 436 100
60.00 to 69.99 1671 100 419 100 470 100 413 100 1850 100 900 100 478 100
70.00 to 79.99 2375 100 359 100 836 100 518 100 867 100 1656 100 848 0
80.00 to 89.99 3650 100 494 100 644 100 389 100 3050 100 1683 100 636 100
90.00 to 99.99 2850 100 457 100 1050 100 600 100 1900 100 2800 100 738 100
100.00 and over 5900 100 929 100 1195 100 1381 100 9100 100 2271 100 1204 100
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The results from using these temporal uncertainty indicators with the 2001 OAC need tobe tempered with the qualification that there is a degree of uncertainty associated withthe change data sources themselves. The reliability of using MYEs as a change indicatorover time is influenced by the methodology used to produce them. There are slightdifferences in the methods used to calculate the MYEs in each UK country although thethree responsible organisations each use a common cohort component method to updatethe population base (ONS, 2010b). Essentially the Census is used as a population baseand then each year births are added and deaths subtracted based on data from theGeneral Register Office. Internal migration estimates for the UK are based on threeadministrative datasets: National Health Service Central Register, Patient Register DataService and Higher Education Statistics Agency (ONS, 2013d). In England, Wales andScotland, data on international migration come from the International Passenger Survey(IPS), the Labour Force Survey (LFS) and Home Office data on asylum seekers and theirdependants (ONS, 2010b). In Northern Ireland the inflows are estimated from the list ofpatients registered with a family doctor and the outflows from the number of people whohave de-registered: data from the Irish Quarterly Household Survey (QNHS) are alsoused to estimate migration to the Republic of Ireland (NISRA, 2011). Further issuesassociated with migration statistics are discussed in ONS (2011) for England and Wales,in GROS (2010) for Scotland and in Dignan et al. (2010) and IJpelaar et al. (2011) forNorthern Ireland.
The release of 2011 UK Census data provided an opportunity to critique the accuracy ofMYEs created over the last inter-Census period. The ONS identified that for England andWales the population of males aged 10 to 19 and 30 to 39 is larger than that suggestedby the population estimates for March 2011, while the opposite is true for the malepopulation aged 20 to 29 (ONS, 2012m). Amongst other discrepancies, the March 2011population estimates are too high for the 25 to 29 age group in some university areas(ONS, 2012m). The accuracy of the MYEs is thus likely to be spatially variable, with knockon consequences for any temporal uncertainty indicator that utilises them. Dwellingstock counts, and their change since 2001 are at present the only viable alternativeindicator to the uncertainty of the 2001 OAC. Unlike MYEs these are based onenumeration of all residential properties, rather than an estimate, so a greater level ofcertainty may be attached to the figures, although this does not make them moreimportant in evaluating the broader picture of temporal change. Although issues nodoubt persist with the use of these data sources, and in particular the potentialinaccuracies of the MYEs, they still represent the best available sources for temporal
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uncertainty indicators. As such, any negatives that may exist are outweighed by thepotential benefits they can provide.
5.7. ConclusionsThe population of the UK increased by 6.9% to 63,182,178 between 2001 and 2011; withthe total number of dwellings in England and Wales also increasing between 2001 and2010 by 7.2% to 24,188,815. This change is geographically variable across a range ofscales, and the patterning of change is distinctive between the regions of the UK – so faras one can reasonably tell given the inherent vagaries in the source data. The use of thetemporal uncertainty indicators with the 2001 OAC has shown that in the majority oflocations, the original geodemographic assignment of the classification remained valid.The limited change to the population and dwelling stock dynamics across large areas ofthe UK during the last inter-Census period provides empirical evidence that temporaluncertainty indicators can be used to gauge the stability of geodemographicclassifications over time. It can therefore be concluded that costly and time-consumingupdating through ancillary sources used by commercial providers is only required forsome areas of the UK. Despite this, many users believe that the most useful classificationsrequire the most current data. The findings from the application of the temporaluncertainty indicators would appear to conform to Hoyt’s (1939) notion of filtering inurban structure, whereby the social, economic and demographic structure ofneighbourhoods remains stable over time, even if the identities of the residentsthemselves turn over much more rapidly. A practical implication of this is that users ofthe 2001 OAC can have increased confidence in the use of the classification in themajority (on average 74%) of areas where analysis suggests change has been moremuted. Although, for areas where this is not the case, such as the London Boroughs ofTower Hamlets, Newham, Hackney and Barking and Dagenham it would indicate greatercaution when using the 2001 OAC.
The successful creation of temporal uncertainty indicators for the 2001 OAC suggeststhat they should form part of a new geodemographic classifications that cannot employthe updating techniques used by commercial operators. In comparison to utilising aclassification in isolation, the advantage of knowing which areas may no longer resembletheir initial classification designation becomes clear. The user becomes aware of theneed to investigate such areas using alternative data sources in order to betterunderstand any change in an area’s dynamics and make more informed interpretations.
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Addressing some of the perceived inadequacies of academic geodemographics whencompared to commercial alternatives by using subjectively defined thresholds toidentify significant change to population, dwelling stock or a combination of the two,provides a credible alternative to the commercial offerings. This should help to reducethe perception that entire geodemographic classifications which are not updated usingtraditional methods become out dated quickly.
The use of temporal uncertainty indicators should however be tempered in theknowledge that they themselves are not infallible. MYEs in particular incorporate anelement of uncertainty due to their methodological underpinnings. In addition, there isthe possibility that the greater the estimated population change, the greater theassociated uncertainty. Data issues in Scotland and Northern Ireland further compoundthese qualifications, where updating is only possible at higher levels of granularity. Theproblem of data-mismatch between countries in the UK, like that of the availability ofmore datasets at the finest spatial levels, is unlikely to be resolved in the near future.Aside from the issues relating to data availability and quality, the analysis andconclusions drawn from the use of the temporal uncertainty indicators with the 2001OAC is itself uncertain. Assumptions made in linking population and dwelling stock datato a wider range of population characteristics are not necessarily correct. However, asthe underpinning methodology is open and transparent there are clear benefits inutilising the methods discussed in this chapter compared to those used in thecommercial sector.
Looking prospectively at the 2011 OAC, the use of temporal uncertainty indicators willbe an important element in both the successful uptake and continued use of theclassification. It can be envisaged that if more data sources are made available at boththe finest spatial units and with wide UK geographic coverage, they could beincorporated into more comprehensive indicators.
Additional small area change measures might be developed from Open Data sources inthe future, although research would be required into the volatility and reporting bias insmall area estimates before usable small area measures were developed. Beyond this,and depending on the findings from the Beyond 2011 programme, there is a possibilitythat as increasing amounts of relevant Open Data become available, so improvedmethodologies may be devised in order to update classifications, and indeed identify thepoint at which an entire classification needs to be re-engineered. This would represent a
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solution to the temporal and spatial instability of non-commercial geodemographicclassifications, bringing them closer to the methods currently used by the commercialcompanies. However, as expressed by the analysis in this chapter, this is currently onlya hypothetical possibility.
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Chapter 6Methodology for the 2011 AreaClassification for Output Areas
6.1. IntroductionThe purpose of this chapter is to outline the general procedures and the methodologicalunderpinning used to create the 2011 Area Classification for Output Areas (2011 OAC).Section 6.2 explains the process of cluster analysis and how it relates to creating areaclassifications, with additional details relating specifically to the building of the 2011OAC. Section 6.3 gives an overview of the methodology used to create the 2011 OAC,before Sections 6.4 to 6.8 provide specific details of the different steps taken to createthe classification. Section 6.4 details the variable selection process and the rationale forwhy the 2011 UK Census was the sole data source used for the 2011 OAC. It alsodescribes the Census data that were used to form the list of candidate variables that wereidentified for possible inclusion in the classification.
Section 6.5 explains the data preparation techniques used on the raw Census data; to usethese data in a geodemographic classification they must be converted, transformed andstandardised. The data preparations techniques were used to aid the selection of the finalvariables for the 2011 OAC. Once the final variables were selected, differentcombinations of the same techniques were used to create multiple datasets. Thisfacilitated the identification of the dataset that created the optimum clustering solution.
Section 6.6 details the processes used to aid selection of the final list of variables for the2011 OAC. A number of techniques were used to help guide which of the initial list ofvariables should be retained. Section 6.7 explains how the optimum rate calculation,transformation and standardisation techniques for the final variables were selected tocreate the 2011 OAC. Section 6.8 gives an overview of the potential clustering processes
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that could have been used with the 2011 OAC dataset. It also explains how the selectedclustering method was used to create the structure of the 2011 OAC and helped providethe names and descriptions for the groups created. Additionally this section details theprocesses involved in ensuring that the clusters created were optimal, why this wasimportant and the steps taken to make the procedure as reproducible as possible. Finally,Section 6.9 summarises the path taken in creating the methodology for the 2011 OACand how it can be considered an evolution of the methodological approach taken withthe 2001 OAC.
6.2. Cluster AnalysisVickers (2006) states that “area classifications are created by the clustering ofgeographical entities with the use of cluster analysis” (p. 43), the basis of which is theordering of a large and complex multidimensional dataset. The 2011 Area Classificationfor Output Areas (2011 OAC) can therefore be defined as seeking to bring similar objects,in this case Output Areas (OAs) or Small Areas (SAs), together to form distinctivegroupings. Cluster analysis, unlike other statistical procedures, is a technique derived fordata exploration (Vickers, 2006), which Everitt et al. (2011) describe as a “a convenientmethod for organising a large data set so that it can be understood more easily andinformation retrieved more efficiently” (p. 3).
Clustering, for the most part, is an unsupervised process (Kovács et al., 2005; Hasan etal., 2009). As the make-up of the clusters is not predefined, the evaluation of a finalcluster solution can be difficult. While the aim of clustering is to group similar objectstogether, the degree to which this can be achieved will vary from cluster to cluster. Berryand Linoff (1996) state that an optimum cluster process should result in; 1) compactclusters, with the objects in each group being as similar in characteristic as possible, and2) the highest possible separation in characteristic between the different clusters. Thereality of clustering is that the variance in characteristics between objects within acluster can be large, and these variances can be larger than those between the individualclusters. This can create an element of uncertainty within clustered groups, as objectswithin a single cluster may not be as similar as they first appear. As mentioned in Section5.2, Slingsby et al. (2011) have visualised this phenomenon using the 2001 OAC. Theydemonstrated how OAs assigned to a cluster vary in how close they are to its centroidand therefore vary in how much they conform to the average characteristics of thatcluster. This means that some OAs have characteristics in common with more than one
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cluster, albeit rather loosely. OAs could therefore easily fit into more than one clustergroup, which may not be apparent in the application of standard cluster analysis outputs,which tend to suggest uniformity across clusters. The nature of clustering is that it canbe a fuzzy process, where objects inherently comprise characteristics of multiple groups.This is especially evident when clustering is applied to area classifications (Slingsby etal., 2011). Therefore the 2011 OAC, like the 2001 OAC, has unavoidable fuzzycharacteristics.
It is important to distinguish clustering and cluster analysis. Clustering refers to theparticular cluster method applied to group the data. There are many of these methodsavailable to choose from, and some are described in detail later in this chapter. Clusteranalysis, while based on a clustering procedure, is the entire operation required tocluster a particular dataset. In the case of the 2011 OAC this begins with the selection ofvariables – a particular characteristic of a person, household or dwelling expressed as anumerical measure or a category (ONS, 2013e) – and ends with the analysis and critiqueof the final clusters. Milligan and Cooper (1987) explain that the process of clusteranalysis follows a series of steps. Each of these steps require numerous, often subjective,decisions to be made. The interaction of these decisions has an impact on the finalclusters produced and thus makes creating a geodemographic classification as much anart form as a science (Vickers, 2006). The impact of the suitability of the decisions madegreatly depends on the intended purpose of the classification (Lorr, 1983).
Milligan (1996) acknowledges that in the creation of a new geodemographicclassification, the accumulated experience from the creation of past classificationsshould not be ignored. However, it is vital that a certain degree of freedom from previouswork exists to guarantee a level of autonomy. Milligan (1996) originally stated the sevensteps that form cluster analysis. These steps, derived from a number of studies, werefurther expanded to nine stages by Everitt et al. (2011). These are outlined below,providing a summary of the steps taken to create the 2011 OAC.
Stage 1: Clustered objects.i) The objects should be representative of the cluster structure
believed to be present. For the 2011 OAC, OAs and SAs were used asobjects.
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ii) The objects should, if possible, give full geographical coverage. TheOAs and SAs in the 2011 OAC provide full and continuous coverage of theUK.iii) If required, the objects should be sampled to form an accurate
representation of the population as a whole if generalisation is
required. This would only have been relevant for the 2011 OAC if samplebased surveys had been included.
Stage 2: Selected variables.i) A variable should be reflective of the measurements taken. The 2011OAC achieves this by only using variables that are available at thesmallest Census geography level.ii) A variable should only be included if there is good reason to believe
it will add definition to the clusters. For the 2011 OAC, it was vital toinclude variables that demonstrated spatial variation in theirdistribution. Without this spatial variation it would not have beenpossible to form unique clusters and areas would have beenindistinguishable from each other.iii) Variables that do not help differentiate clusters should be excluded
if possible. The method used to select variables for the 2011 OAC wasdesigned so that variables which demonstrated a uniform distributionacross the UK were less likely to be included (see Section 6.6.5).Additionally, highly correlated variables were removed where possibleto reduce redundancy in the dataset (see Section 6.6.1). This methodremoved the risk of masking unusual patterns within the dataset.
Stage 3: Missing values.i) When the proportion of missing values is low, imputation of the raw
dataset may be acceptable. This was not a consideration for the 2011OAC as the data source utilised the 2011 UK Census which is the mostcomplete enumeration of the UK’s population (ONS, 2013a).ii) Alternatively, the elements in a similarity or dissimilarity matrix
can be imputed using only variables that are present. This was notnecessary for the 2011 OAC due to the use of only Census data, asdiscussed in the previous point.
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Stage 4: Variable standardisation.i) Standardisation of any dataset is not a requirement, instead it is the
choice of those performing the cluster analysis, and if they believe
it to be necessary. Due to the variability of values between counts anddensities, the 2011 OAC dataset was standardised (see Section 6.5.3).ii) Range standardisation produced good clusters (Milligan and
Cooper, 1988) and should be considered an alternative to
standardisation methods using standard deviations, such as z-
scores. This reflects the importance of testing different standardisationmethods. Although the 2001 OAC utilised range standardisation (Vickersand Rees, 2007), it was one of several options considered.iii) The standardisation of variables is not necessarily always indicated
in documentation that accompanies the final clustering result and
can sometimes be misleading. The decisions made during theconstruction of the 2011 OAC have been fully documented to reduce anyambiguity in the methodological process.
Stage 5: Proximity or distance measure.i) There are few guidelines; however knowledge of the context and
type of data may suggest a suitable measure to use. An understandingof the data used in the creation of the 2011 OAC formed an importantpart in the selection of the most appropriate proximity measure (seeSection 6.8.2).ii) Proximity measures can be recorded in terms of similarity or
dissimilarity. An example of a similarity measure is a Pearsoncorrelation coefficient, where the larger the value, the more similar twoobjects are likely to be. An example of a dissimilarity measure is thesquared Euclidean distance dissimilarity measure; in this case the largerthe value, the more dissimilar two objects are likely to be. The mostsuitable measure for the 2011 OAC was dependent on the clusteringmethod used.
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Stage 6: Clustering method.i) The method must recover the types of clusters suspected to be
present. This criterion was difficult to fulfil for the 2011 OAC, as anylarge population can be divided into numerous types of groups. Aclustering method which divided the population into representativeclusters was therefore used (see Section 6.8.3).ii) The method used should be robust enough to cope with a large
dataset and be insensitive to outliers. This was important for the 2011OAC as it was clustered from a database containing multiple variables.iii) The method must be available in a software package. The freecommand line program R (R Development Core Team, 2011) was usedfor the majority of the cluster analysis for the 2011 OAC. This programallows the script used to cluster to be made freely available and couldtherefore be easily reproduced.
Stage 7: Number of clusters.i) One of the most difficult decisions in cluster analysis; it is also the
decision that defines the structure of a geodemographic
classification. The cluster numbers of the 2001 OAC (7 Supergroups, 24Groups and 51 Subgroups) were not explicitly recreated; instead theywere used as a guideline for the 2011 OAC (see Section 6.8.4).ii) There are several techniques that can support the selection of the
number of clusters, although they can often be contradictory. Thesetechniques were found not to be suitable for use on the 2011 OAC due tothe size of the database used for clustering.iii) If a decision cannot be made between two solutions, then the
solution that results in the larger number of cluster should be used.Any decision made regarding the number of groups in the 2011 OAC wasmade to favour the option which resulted in the most clusters.iv) It should be acknowledged that there may not actually be any
clusters present within the data. The creation of the 2001 OAC and themany commercial geodemographic classifications that exist for the UKwould suggest that clusters can always be identified in large datasetsconcerning general population characteristics.
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v) There is not always an optimum number of clusters in a dataset. The
most important factor when deciding upon cluster numbers is how
useful these groupings are in the context of the classification. Thefinal number of clusters in the 2011 OAC was required to fulfil the criteriaof representing the general characteristics of different populationgroups.
Stage 8: Replication and testing.i) Running the cluster analysis multiple times to guarantee a stable
solution. As R was used to perform the majority of the cluster analysis,the same clustering algorithm was run several thousand times to ensurea stable solution for the 2011 OAC (see Section 6.8.6).ii) Perturbation of the clustered dataset by omitting or slightly
changing particular variables. This allowed the identification of 2011OAC variables which had the greatest and least impact on the overallcluster solution (using the method outlined in Section 6.6.3).
Stage 9: Interpretation.i) Interpretation of the results in the context of the applied problem
and an assessment of whether the solution adequately meets the
needs of the investigation. The extent to which the 2011 OAC dividedthe population into robust and distinct groups was assessed.ii) This may require graphical representation, such as maps, and
descriptive statistics. Proximity measures could also be used to
better understand areas that have characteristics of more than one
cluster. These outputs were requested by the respondents to the 2011OAC user engagement (See Section 4.3.2) and as such formed integraloutputs of the 2011 OAC.iii) Standard statistical tests may be inappropriate to compare the
variations between clustered variables across different clusters.Validation of the 2011 OAC involved more than standard statistical testsand is discussed in Chapter 8.
These stages offered a thorough outline of the process of effective cluster analysis andprovided a clear template for constructing the 2011 OAC.
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6.2.1. Cluster Analysis and the 2011 OACCluster analysis is at the heart of any geodemographic classification. Following the 2011OAC user engagement (see Section 4.3.2), the creation of the 2011 OAC was guided bythe 2001 OAC. The 2011 OAC cannot however be considered a carbon copy of what hasgone before. Developments in computer processing since the creation of the 2001 OAChave been utilised to create a new and fully reproducible methodology which is fullydocumented.
Open geodemographic classifications strive to be as transparent as possible. Thesubjective and non-scientific aspects of geodemographics make this challenging, as notall will agree with decisions taken. However, provision of the resources to betterunderstand the processes involved should be a priority in the creation of any openclassification. The importance of documenting decisions was recognised by Vickers(2006) by citing Milligan (1996). An open classification provides an opportunity forusers to actively engage with the entire process and further expand the classification ifdesired. The facility for others to critically evaluate, analyse or find other ways to activelyengage with the process of creating a classification is an important tool in enhancing theunderstanding of that classification, and deciding whether it is appropriate for aparticular task. Vickers and Rees (2007) documented the entire process of the creationof the 2001 OAC. This resource is available to anyone who wishes to use it and allowsusers to reproduce the 2001 OAC.
The approach taken by open classifications is not adopted by commercial organisationswhich create geodemographic classifications to sell to a wide range of customers (CACI,2013c; Experian, 2013). They promulgate a ‘black box’ (Longley and Singleton, 2009)approach, meaning that the specific details of their data inputs and methodologiesremain unknown (Harris et al., 2005). A detailed critique and wider understanding ofhow these classifications are formed can therefore not take place, which can be adesirable quality for users who do not require an understanding of the underlyingprocess. Whilst this approach has obvious commercial advantages, it means that anyopen classification can never be truly thought of as equal to the commercial alternativesas comparison between the two is compromised (Brunsdon et al., 2011). To cater for thewide range of potential users, the 2011 OAC therefore needs to provide for both thosewho are only interested in the final classification and to those who would wish tounderstand or reproduce the whole classification. Open geodemographics, andespecially the 2011 OAC, is not seeking to directly compete with any commercial product.
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Instead, focus should be placed on highlighting the unique features that can only exist inan open and transparent environment.
6.3. Overview of the 2011 OAC MethodologyCreating the 2011 OAC involved the utilisation of the cluster analysis steps outlined byMilligan (1996) and Everitt et al. (2011). The steps provide a good base for any clusteranalysis, but lack detail with regard to specific applications. Every geodemographicclassification is unique, and consequently, each classification will have variations that donot implicitly follow the guidelines published in academic literature.
A total of 232,296 objects were clustered: 181,408 2011 OAs in England and Wales,46,351 2011 OAs in Scotland and 4,537 SAs in Northern Ireland. A diagrammaticoverview of the process involved in creating the 2011 OAC is shown in Figure 6.1. Themajority of the operations undertaken were performed in the command line program R(R Development Core Team, 2011). This allows the scripts to be used by other users, andwith the addition of full documentation allows the 2011 OAC to be a fully reproducibleclassification. A detailed explanation of the steps can be found in Sections 6.4 to 6.8.
6.4. Selecting VariablesA key output of the 2011 OAC user engagement was for the new small area classificationto be based solely on 2011 UK Census data (see Section 4.4.1). The 2011 UK Censusrepresents the most complete and reliable socio-economic dataset in the UK, with dataavailable at the smallest OA and SA Census geography level. This allows for ageodemographic classification to be constructed at the smallest scale possible using onlya free and easily accessible data source. It was for similar reasons that Vickers and Rees(2007) used only 2001 UK Census data to create the 2001 OAC.
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Figure 6.1: Overview of the 2011 OAC methodology
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There was potential for additional Open Data sources to be utilised in conjunction withthe Census data, indeed this was recognised by some of the respondents of the 2011 OACuser engagement (see Section 4.3.2). However, this was subsequently discounted for anumber of reasons. Firstly it was felt that the current lack of Open Data available at theOA or SA level would create too many compatibility issues with the Census data. Therationale behind this is that the current Open Data sources with complete UK coverageare disseminated at a higher spatial level such as Lower Layer Super Output Areas(LSOAs), which would need to be aggregated down to the OA or SA level for use in the2011 OAC.
Vickers and Rees (2007) similarly discounted other non-OA or SA level datasets due tothe inherent uncertainty and reliability issues caused by aggregating datasets. Thesecond issue is that the only Open Data sources currently available at OA or SA level donot have full UK coverage. As the objective of the 2011 OAC is to ultimately create a UK-wide classification, any data source which does not have full UK coverage has to bediscounted to guarantee that the classification is created using the most robust, andspatially continuous, set of variables possible. It should be noted that whilst Open Datahave been discounted for the UK-wide 2011 OAC, it should be considered for those usingthe methodology on a smaller geographical area and dataset.
6.4.1. Initial Variable SelectionOutputs of the 2011 UK Census at the OA and SA level were released in stages by theOffice for National Statistics (ONS) for England and Wales, National Records of Scotland(NRS) for Scotland and the Northern Ireland Statistics and Research Agency (NISRA) forNorthern Ireland. The outputs that were the most useful for creating the 2011 OAC werethose provided in a univariate format. For the 2011 UK Census data, these have beenbranded by the statistical bodies as ‘Key’ and ‘Quick’ statistics. The ONS released 35tables as Key Statistics and 73 tables as Quick Statistics for England and Wales, the NISRAreleased 45 tables as Key Statistics and 58 tables as Quick Statistics for Northern Ireland,and by December 2013 the NRS had released 34 tables as Key Statistics and 59 tables asQuick Statistics for Scotland. The combined dataset for England and Wales contained2,139 variables, in Scotland there were 1,326 and in Northern Ireland 1,378. Onlyvariables that were consistent across the whole UK were considered for use in thecreation of the 2011 OAC. However, within this reduced dataset there were numerouscases of variable duplication, for example tables KS101EW and QS101EW contained
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identical data regarding the usual resident population of England and Wales. KeyStatistics are designed to highlight key attributes, albeit in an aggregated format. Forexample, age bands in Quick Statistics are expressed by single year of age but for KeyStatistics they are aggregated to pre-defined bands that have been deemed as usefulbreak points for end users. Quick Statistics can therefore be seen as providing moredetailed information about the topics that each table provides. It was thereforeappropriate to consider both Key and Quick statistics as a single dataset for the purposesof selecting the best possible variables for the 2011 OAC.
The large number of potential variables available to create the 2011 OAC provided anample selection of different attributes of the population for consideration. The overallaim for the 2011 OAC’s variables was to have the smallest selection which represents themain components of the 2011 UK Census (Bailey et al., 1999, 2000). To aid in this, likethe 2001 OAC before, these potential variables were categorised into five domains:Demographic Structure, Household Composition, Housing, Socio-Economic andEmployment (Vickers et al., 2005). Retention of the same domains as the 2001 OACallowed for similar variables to be used in the 2011 OAC, without restricting the finalvariable selection to a mirror image of the previous classification. This accommodates akey output from the 2011 OAC user engagement (see Section 4.3.2), that a like-for-likereplacement of the 2001 OAC was not desirable, but at the same time should bear somesimilarities.
The inclusion of every variable for all the OAs and SAs in the UK would have created aninput database with very high dimensionality, raising significant issues in the assemblyand interpretation of outputs. One method by which this issue has traditionally beentackled is through Principal Components Analysis (PCA), where individual variables arereduced to a series of linearly uncorrelated component scores. Historically this has beennecessary because the clustering of large multidimensional datasets was eitherunachievable or would take too long to process. Current computational power meansthat clustering large multidimensional datasets can now be completed in hours or evenminutes. Vickers (2006) discounted the utilisation of PCA for the 2001 OAC becauseclustering from an entire dataset was seen as favourable, and advances in computationalpower meant that actual data points, rather than principal components, could be used.The PCA method can however be useful in an exploratory sense, for example showingthe discriminatory power of selected variables and being potentially useful for removingvariable redundancy. Others have however criticised PCA for its tendency to remove any
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non-linear relationships from the data (Harris et al., 2005). The PCA method was notused for the 2011 OAC and the importance of individual variables were given the greatestconsideration.
Given the above, a process by which important dimensions can be selected was required.As has historically been the case with previous Census based classifications, variableswere therefore initially selected manually based on the premise that only thoseconsidered useful in creating a general purpose geodemographic classification werewarranted – i.e. are reflective of those attributes that may be important in those potentialdomains of use; and additionally, those that a priori are known to be important in drivingpatterns of socio-spatial structure (Webber and Craig, 1978). The findings of the 2011OAC user engagement, discussed in Section 4.4, also helped to guide this process,especially in relation to what users considered to be key uses of the classification. As theutilisation of both Key and Quick statistics lead to duplication, it was necessary to decidewhich version of the variables to use. It was important to remember the principles statedby Bailey et al. (1999, 2000) to keep the total number of final variables to a minimum,whilst still representing the main dimensions of the Census data.
This list of variables selected after this initial variable selection, known as 2011 OACprospective variables, was reduced further into the final list of variables after they hadbeen prepared using the procedures outlined in Section 6.5 and gone through theprocesses outlined in Section 6.6. The processes used in selecting the final variables areidentified in the blue boxes in Figure 6.1.
6.5. Data PreparationThis section outlines the steps taken to prepare the 2011 UK Census data for clustering.The methods outlined were used firstly in the reduction of the prospective variables intoa final variable dataset, and secondly in the preparation of the data that were clusteredto create the 2011 OAC.
As raw data counts for different variables require different denominators, they are notcomparable in their original format (Walford, 2013). The process of rate calculation,transformation and standardisation on the prospective variables dataset was thereforecarried out first on the raw data. Correlation and within-cluster sum of squares (WCSS)analysis was then utilised to aid in the selection of the final list of variables. The explicit
180 Chapter 6 – Methodology for the 2011 Area Classification for Output Areas
criterion of solely using data that had undergone these processes ensured a level ofconsistency in the construction of the 2011 OAC.
For both variable selection and final clustering, the 2011 OAC tested a greater numberof rate calculation, transformation and standardisation techniques than its 2001 OACpredecessor. This allowed for a more optimal selection of procedures to be identified andutilised for clustering of the final classification. The procedures that are outlined belowtest a number of rate calculation, normalisation and standardisation procedures; whichare then evaluated in relation to their impact on final classification assignments. As such,only one combination of procedures was used in the final clustering, but in order toidentify the optimum process all combinations were evaluated.
6.5.1. Rate CalculationThe 2011 OAC considered three rate calculation techniques. The first method entailedconversion of the raw data into percentages. The majority of the variables in the 2011UK Census are provided as counts. These counts can however have different basecategories. For example, counts that relate to the whole population, such as age, requirethe total population for each OA or SA as the denominator. Whilst counts that relate tothe working population only require the total population of 16 to 74 years olds for eachOA or SA. The denominator is therefore not constant between variables. There arehowever some variables within the Census data, such as those relating to area or density,that cannot be transformed into percentages. Such variables were therefore leftuntouched at this stage.
Calculating percentages are defined as:
Σ target OA or SA
Σ OA or SA denominator
∗ 100                                                 (6.1)
The second rate calculation procedure tested was index scores. Index scores show howoverrepresented the characteristics of the target group are relative to the base UKpopulation – in the case of the 2011 OAC this is the percentages of each variablespopulation in relation to its denominator. For every variable supplied as a count indexscores were calculated as follows:
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% population in target OA or SA% population in base denominator OA or SA ∗ 100                             (6.2)
The final rate calculation procedure tested with the 2011 OAC was the mean difference.This is the difference between the actual values for all OA and SA variables and theexpected values and can be defined as:
൬
Σ  OA or SA
Σ OA or SA Denominator
∗ Σ OA or SA Total Population൰−  Σ  OA or SA       (6.3)
This method can be used to identify variables which exhibit the most deviation awayfrom their respective ‘average’ characteristics. This allows the extent to which OAs andSAs conform to a particular variable’s national average to be identified, and potentiallyaid delineation of the population.
These initial rate calculation procedures generated three distinct datasets from the raw2011 UK Census data.
6.5.2. Data TransformationThe three datasets detailed in Section 6.5.1 were analysed to explore the extent to whichattribute data were normally distributed. It can be argued that highly skewed data couldlead to poor assignments if clustered with algorithms that are optimised to find sphericalgroupings of cases with similar attributes (e.g. k means). There are however differingviews on the optimal method, Harris et al. (2005) describe how in commercialgeodemographics skewed (or ‘misbehaving’) attributes can be controlled through downweighting of the variables. However, the decision was taken not to weight attributes ofthe 2011 OAC, given the inherent subjectivity to these choices, and a mismatch with the2001 OAC methodology (see Section 6.6.6). A modification of this approach was adoptedby Singleton and Spielman (Forthcoming), where data were not normalised, but also, noweightings were applied. They argue that weightings are subjective, but through globalnormalisation there is potential that interesting local patterns and interactions aresmoothed away. To an extent, this mirrors some of the discussions of Harris et al. (2005)around the use of data reduction techniques such as principal component analysis. Theseviews contrast with those of Vickers et al. (2005) who discuss that a large number ofvariables with skewed distributions can have a negative impact on final cluster solutionsby giving too much prominence to outliers in a dataset. Based on their experiences of
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building the 2001 OAC, a large number of outliers existed towards the high end of thevalue scale with population density being a particular issue. As such, utilisation of atransformation technique can reduce any skew in the distribution of the dataset causedby these high value outliers. Furthermore, as identified in the user engagement (seeSection 4.3), there are constraints in that the 2011 OAC should have a passingresemblance the 2001 OAC methodology, and as such, the remainder of this sectionexplores the issue of normalisation by exploring the log method implemented in 2001OAC and a series of potential alternatives.
Three different forms of transformation were tested on each of the datasets created inthe previous section:1. Log2. Box-Cox3. Inverse Hyperbolic Sine
Log and Box-Cox both require values to be positive and greater than 1 to transform.There are different ways of managing this issue, however, most common is for a constantto be added to all values before implementing the normalisation method. For thepercentages and index score datasets, zero is the lowest value possible, and as such, byadding 1 to the values, this allowed the techniques to function (Osbourne, 2002). The useof the mean difference method was however constrained by the presence of negativevalues being produced for each variable. As such, these values were re-ranged between1 and 2 as if left unmodified the normalisation procedures could not have beenperformed.
Log transformations are defined by Aitchison and Brown (1957) as “the distribution ofa variate whose logarithm obeys the normal law of probability” (p. 1). The purpose of thetransformation is to make the data conform to the lognormal law of error for inferentialpurposes. This is achieved by artificially reducing the amount of variance to that of thenormal distribution (Leydesdorff and Bensman, 2006). In essence it makes thedifferences between the larger values less significant, while simultaneously making thedifferences between the smaller values more significant. A disadvantage of this approachis that the transformation is fixed across a dataset without sensitivity to differentdistributions that may appear between variables. An alternative method more sensitiveto these issues is the Box-Cox transformation which can be defined as:
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ݔ௜(ߣ) = ቊݔ௜ఒ − 1)/ߣ (ߣ≠ 0)log(ݕ) (ߣ= 0) (6.4)
An exponent, lambda (λ), transforms a variable (x) into a Normal distribution (Box andCox, 1964). Multiple values for lambda are tested, and the one that produces the mostnormal result is selected. There are numerous tests of normality that can be applied,however, for the implementation here the common Shapiro-Wilk test was used. If in theselection of lambda, a value of 0 is identified, mathematically, this would return the sameresult as log. As such, the implementation of the Box-Cox technique calculates a separatelambda value for each variable. The extent to which a variable is transformed will dependon how skewed its distribution is, rather than a global skewness value (Dag et al., 2014).
As noted in discussion of the previous two techniques, where zero values are present, aconstant is required to enable transformation. However, an alternate approach withoutsuch constraints is available in the inverse hyperbolic sine transformation which isdefined as:
log(ݔ௜+ (ݔ௜ଶ + 1)ଵ/ଶ) (6.5)
where
ݔ= a variable (6.6)
The inverse hyperbolic sine (IHS), proposed by Johnson (1949) shares similarities withthe standard log transformation, except that it is not defined at zero (Burbidge et al.,1988). As a result, the technique is favoured when transforming wealth datasets, wherea large number of values are either zero or negative (Pence, 2006).
As discussed earlier, the normality of attribute data can have an impact on the outcomeof clustering, and as such, the transformation technique chosen can impact any outputrepresentations. As such, it was important to identify the impacts of the differenttransformation techniques tested upon the final assignment of areas into categories postclustering. This builds on the work of the 2001 OAC, which only utilised a standard logtransformation. Such evaluation is especially important in a general purposeclassification like the 2011 OAC as this needs to be driven by the choice of variables,
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rather than the effects that different transformation techniques may have on theresulting classification.
6.5.3. Data StandardisationTo ensure that all variables are measured on the same scale in the cluster analysis, andas such have the same influence, a process of data standardisation is required. As withthe 2001 OAC, three data standardisation techniques were explored: z-scores, range, andinter-decile range. Each of these three methods were applied to the nine converted andtransformed datasets described in Sections 6.5.1 and 6.5.2. The final choice of method(normalisation, plus standardisation) was evaluated in the context of producing the bestgeodemographic representation of the study population.
6.5.3.1. Z-score standardisationZ-scores are one of the most widely used approaches of variable standardisation (Adnanet al., 2010). Z-scores standardise the original distribution of the data so the mean (xmean)becomes 0 and the standard deviation (σx) becomes 1, quantifying the original values (xi)in terms of the number of standard deviations they are away from the mean.
A z-score can therefore be defined as:
௜ܼ= ݔ௜− ݔ௠ ௘௔௡ߪ௫ (6.7)where
ߪ௫ = ඨ∑ (ݔ௜௜ −ݔ௠ ௘௔௡)ଶ݊ (6.8)
and
n = The number of values (e.g. the total number of OAs and SAs) (6.9)
This method can emphasise the effect of outlying observations in the datasets, whichmay serve to highlight interesting patterns within the data: however, such observationscan also adversely influence some clustering algorithms.
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6.5.3.2. Range standardisationRange standardisation compresses the values in a dataset into the range of 0 to 1. Itcompares each value of a variable (xi), to the minimum value (xmin) of that variable. Thisis divided by the difference between the minimum value (xmin) and the maximum value(xmax) of the variable. The lowest value(s) in the dataset will be assigned 0 and the highestvalue(s) assigned 1.
Range standardisation can therefore be defined as:
ܴ௜= ݔ௜− ݔ௠ ௜௡ݔ௠ ௔௫ − ݔ௠ ௜௡ (6.10)
A result of this method is that any outliers present within the dataset get compressed tofit within this 0 to 1 interval. As such, interesting patterns within the dataset can beomitted, a potential negative aspect of using this method. The 2011 UK Census datacontain numerous zero counts; these are therefore assigned the lowest value, 0. Anyoutliers in the dataset are therefore found at the other end of the scale. To accommodatethese outliers, the majority of the values are actually found within a much smaller range.The range standardisation method was used for the ONS 1991 classification of LocalAuthorities (see Wallace and Denham, 1996) and for the 2001 OAC (see Vickers andRees, 2007).
6.5.3.3. Inter-decile range standardisationThe inter-decile range standardisation method is a variation of range standardisation.The data are standardised over a smaller range, between the 90th percentile and the 10thpercentile. This aims to reduce the impact of outliers on the standardised data. Themedian (xmed) for each variable is subtracted from the variable value (xi). This is thendivided by the distance between the 90th percentile (x90th) and the 10th percentile (x10th).
Inter-decile range standardisation can be defined as:
ܦ௜= ݔ௜− ݔ௠ ௘ௗݔଽ଴೟೓ −  ݔଵ଴೟೓ (6.11)
Vickers and Rees (2007) found that this method gave too much weight to skewedvariables and it was consequently not considered for use with the 2001 OAC. However,
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it was still appropriate to consider the method as a standardisation option for the 2011OAC due to differences in the variable selection compared to the 2001 OAC, anddifferences between the two Census datasets.
6.6. Final Variable SelectionThe process of selecting the final variables took into consideration a combination of twokey requirements. Firstly, that the 2011 OAC was to be a general purposegeodemographic classification. This meant including a collection of variables thatreflected the general characteristics of as much of the UK’s population as possible, butalso had geographic variance in order for distinct clusters to form. Secondly, that onlythe minimum number of variables required were selected in order to reduce the impactof co-linearity. The process of reducing the prospective variables to a list of finalvariables to cluster required numerous steps with the overarching aim to maintain onlythose variables that were likely to be the most important to the 2011 OAC. Table 6.1outlines the 27 unique datasets created from the different combinations of ratecalculation, transformation and standardisation techniques described in Section 6.5. Theprocesses described in this section were used on each of these datasets, with the outputsof these techniques aiding the final variable selection.
Vickers (2006) highlighted the problem of vague or uncertain variables when selectingvariables for the 2001 OAC. For example, the assessment of whether housing with noresidents was either ‘vacant’ or a ‘second residence/holiday accommodation’ was madeby the enumerators who delivered the 2001 UK Census forms to households. Vickers(2006) suggested that the enumeration method led to less housing being categorised asa second residences or holiday accommodation. In England the 2001 UK Censusrecorded 811,000 vacant properties, 7% less when compared to Council Tax returns(Bolton Metropolitan Borough Council, 2005). Consequently, variables derived fromthese data have an increased level of uncertainty with regards to accuracy. For the 2011UK Census this problem was partially addressed by a change in the distribution methodof the Census forms. Forms were delivered by post, or could be completed online. Therespondent, therefore, completed all answers from the Census, with no subjectivedecisions being made by enumerators. This creates more certainty that the responses tothe 2011 UK Census are a true reflection of the population, thereby eliminating the needto be cautious about using certain variables.
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Table 6.1: Datasets created from applying the rate calculation, transformation andstandardisation procedures to the 2011 OAC variables
Step 1 Step 2 Step 3
Percen
tages
Percentages, Box-Cox Percentages, Box-Cox, Z-ScoresPercentages, Box-Cox, RangePercentages, Box-Cox, Inter-Decile Range
Percentages, Log Percentages, Log, Z-ScoresPercentages, Log, RangePercentages, Log, Inter-Decile Range
Percentages, InverseHyperbolic Sine
Percentages, Inverse Hyperbolic Sine, Z-ScoresPercentages, Inverse Hyperbolic Sine, RangePercentages, Inverse Hyperbolic Sine, Inter-Decile Range
IndexS
cores
Index Scores, Box-Cox Index Scores, Box-Cox, Z-ScoresIndex Scores, Box-Cox, RangeIndex Scores, Box-Cox, Inter-Decile Range
Index Scores, Log Index Scores, Log, Z-ScoresIndex Scores, Log, RangeIndex Scores, Log, Inter-Decile Range
Index Scores, InverseHyperbolic Sine
Index Scores, Inverse Hyperbolic Sine, Z-ScoresIndex Scores, Inverse Hyperbolic Sine, RangeIndex Scores, Inverse Hyperbolic Sine, Inter-Decile Range
MeanD
ifferen
ce
Mean Difference, Box-Cox Mean Difference, Box-Cox, Z-ScoresMean Difference, Box-Cox, RangeMean Difference, Box-Cox, Inter-Decile Range
Mean Difference, Log Mean Difference, Log, Z-ScoresMean Difference, Log, RangeMean Difference, Log, Inter-Decile Range
Mean Difference, InverseHyperbolic Sine
Mean Difference, Inverse Hyperbolic Sine, Z-ScoresMean Difference, Inverse Hyperbolic Sine, RangeMean Difference, Inverse Hyperbolic Sine, Inter-Decile Range
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6.6.1. Variable correlationIt can be expected within any large multidimensional dataset there is always likely to bean element of correlation between variables. As a general rule for geodemographicclassifications, highly correlated variables are not desirable (Ojo et al., 2012). They act toweight classifications by giving variables that highly correlate an increased prominence.However, some highly correlated variables were retained for use in the 2001 OAC(Vickers et al., 2005). This was done to add predictive and descriptive power to theclassification, enabling behaviours not included within the initial specification to bepredicted because of the high correlation with the remaining variables. Vickers (2006)states that examining and assessing the correlations between variables is a moretransparent way of reducing redundancy within a dataset compared to methods likePCA.
Figure 6.2 presents an example that illustrates one possible way of interpreting thecorrelation coefficient, but as Gunesh (2005) states, this should only act as a guidelineand there is no particular value when the correlation switches from moderate to strong.As there is no stated rule for a high correlation coefficient, an arbitrary decision needs tobe made on which variables will be deemed to be ‘highly’ correlated. Ideally, thethreshold should be between +/-0.6 and +/-0.7, as this would allow the most highlycorrelated variables to be identified, and would leave the variables with weakercorrelations untouched.
The larger the dataset, the greater the number of correlated variable permutations thatare possible; with the 41 variables of the 2001 OAC having 820 unique permutations.Consequently, a variable can be highly correlated with multiple other variables. Highlycorrelated variables remained in the 2001 OAC as there was no practical way ofremoving them without removing variables that were important to the overallclassification. There are three options available after identifying highly correlatedvariables: remove the variable from the final selection; group it with other variable(s) tocreate a new composite variable; or ignore it. Documentation to better understand therelationship between the 2011 OAC’s final variables has been produced. Material such ascorrelation matrices and a statement of the threshold figure that was used to determinewhether variables were considered highly correlated have been produced. This aids theunderstanding of why some variables were removed, why others remained and how theremaining variables interact.
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6.6.2. Composite variablesThe second stage of variable selection was the derivation of composite variables. Theseare formed from variables that are related and show similar patterns; for example,separated and divorced people were merged into a single variable for the 2001 OAC(Vickers et al., 2005). This meant that highly correlated variables that represented animportant aspect of the population were joined. This removed the redundancy, andartificial weighting in the classification caused by having two variables with similarcharacteristics. Other composite variables were created from individual variables thatonly represented a small percentage of the total population. If left, these individualvariables would have had minimal impact on the final clusters due to their highfrequency of zero values. Grouping such variables together into a single variable meantit represented a greater share of the population, thereby having a greater impact on thefinal clusters. The creation of this type of composite variable is a more subjective process,and largely dependent on personal discretion. An example of this from the 2001 OAC isthe combination of the ‘Indian’, ‘Pakistani’ and ‘Bangladeshi’ variables into a singlecomposite variable (Vickers, 2006). Together, these variables represented a greatershare of the population and therefore had a larger impact on the classification, although
Figure 6.2: Interpretation of correlation coefficientsSource: Gunesh (2005)
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they could have easily remained as individual variables. In some instances grouping suchvariables together was not appropriate. The rationale for this is while the influence of avariable across an entire population may be small; the areas where a concentratedamount is located can provided a key indicator of local social and demographic structure.
The creation of composite variables was therefore a more complex procedure than theidentification of highly correlated variables which shared the same denominator, orvariables that represented a small slice of society. Additional factors were consideredand justified within the remit for the classification and the final selection should offer anoverview of the general characteristics of as much of the population as possible.
6.6.3. Within-cluster sum of squares analysisThe ability to identify which variables had the greatest impact on a classification was animportant consideration in variable selection. It is possible to analyse the relative impacteach variable has by performing within-cluster sum of squares (WCSS) analysis. TheWCSS value indicates how tightly clustered a particular dataset is. A smaller value signalsthat objects within each cluster are closer to their centroids, thereby increasing clusterhomogeneity. In addition, a smaller WCSS value creates a higher between-cluster sum ofsquares (BCSS) value, meaning that the differences between individual clustersincreases. For the purposes of variable selection, when discussing the WCSS value, thisrefers to the total mean value of all cluster WCSS values within a clustering solution.Removing any variable from an overall cluster solution impacts the WCSS value. If avariable is removed and there is a marked decrease in the WCSS value, this indicates thatthe final cluster solution would have more homogenous clusters without the inclusion ofthat variable, suggesting that the variable should be discarded. Only a slight decrease inWCSS value for a variable suggests that its impact on the homogeneity of the clusters isminimal and therefore should remain.
Figure 6.3 shows the results of the application of this technique to the 41 variables usedto construct the 2001 OAC. Removal of variable 18, ‘terraced housing’, resulted in thegreatest reduction of the total mean WCSS value. The classification thus appears to besensitive to the inclusion of housing variables (16 to 21). These variables produce thefive lowest WCSS values, indicating that there is a potential problem in summarising thedifferent types of housing ownership found in the UK into three categories and rentalproperty into two. These results indicate that although following the fundamental
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principle of creating a classification with the smallest number of variables possible isuseful (Vickers et al., 2005), it should be used with caution, and not lead to a compromiseof the final cluster solution. Despite making the final clusters of the 2001 OAC lesshomogenous, the inclusion of the terraced housing variable was important to the overalleffectiveness of the classification. It allowed for differentiation between different typesof housing, which subsequently allowed clusters to delineate the population moreeffectively.
Figure 6.3: Missing variables WCSS values for the 2001 OAC(See Table 2.2 for variable names)
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The use of this type of WCSS analysis for the 2011 OAC was used to aid variable selection.The prospective variables were removed one at a time, whilst the remaining variableswere clustered using the k-means algorithm (see Section 6.8.1.1) to produce 5 to 9cluster solutions. A mean WCSS value for each missing variable was then produced andvisualised (similar to Figure 6.3). The mean WCSS value provided an indication of howeach variable impacted upon the homogeneity of the final clusters. Variables that had anadverse impact were more likely to be disregarded from the final variable selection. Thishowever depended on each variable’s perceived importance as a social or demographicindicator of the population, and as such were not automatically removed.
6.6.4. Skewed variablesClustering algorithms function best when the data being used have a normal distribution(see Section 6.5.2). The skewed nature of a dataset can be evaluated at a global scale (i.e.looking at the dataset as a whole) or by each variable in turn. For the purposes ofselecting the final variables it is advantageous to look at the skewed nature of eachvariable individually. Keeping individual variables with skewed distributions increasesthe possibility that a clustering solution will not be derived in the most appropriate way.The rate calculation, transformation and standardisation processes carried out prior toclustering attempted to ensure that each variable had an approximate Normaldistribution (see Section 6.5). However, while data preparation reduced the impact ofsome of the skewed variables with the 2011 OAC, certain variables will always retain askewed distribution.
There can be several reasons why a variable has a skewed distribution; for example theyreflect a characteristic that is uncommon across the UK. Vickers (2006) highlighted theoccurrence of communal establishments from the 2001 UK Census; 88% of OAs acrossthe UK lacked any form of communal establishment, resulting in a skewed distributionfor that particular variable. Skewed variables should not automatically be excludedhowever, as it can be a particular variable’s presence or lack of, that is of significance toan area. In these circumstances a decision is made on the positive and negative impactsof including that variable. The skewed distribution of a variable was an importantconsideration for the 2011 OAC, but was considered to be less of a priority than selectingvariables which best represented the social and demographic characteristics of thepopulation as a whole.
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6.6.5. Geographic distribution of population characteristicsVariables used to construct a geodemographic classification need to vary from one areato the next. The Supergroups of the 2001 OAC revealed only one cluster that representedthe rural characteristics of the UK, while the other six were focused more ondifferentiating between urban areas. The formation of multiple clusters in urban areas isan indication of greater variation in the extent to which variables occur in theselocations. Selecting certain variables that highlighted variation between areas, and inparticular urban locations was therefore seen as a priority for the 2011 OAC.
Vickers (2006) examined the variation of ethnic groups across the UK for inclusion in the2001 OAC. Citing research by Peach (1996), the distribution of White and Chinesepopulations were more homogeneous when compared to Black Caribbean, Black African,Black Other, Indian, Pakistani and Bangladeshi residents. As these populations had morespatial variation, they were included in the 2001 OAC, while the White and Chineseequivalents were not as they were perceived to be poor indicators of characteristics of aparticular area. Ethnic variables however, can be some of the most geographicallydiverse variables. The release of the 2011 UK Census data has shown that London is themost ethnically diverse area, and Wales the least (ONS, 2012b). One of the mostinteresting results from the 2011 UK Census is that England and Wales as a whole isbecoming more ethnically diverse, following previous trends for London. The Whiteethnic group accounted for 86% of the population in 2011, a decrease from 91.3% in2001 and 94.1% in 1991 (ONS, 2012b). Therefore the inclusion of variables that appearintegrated into the wider population were not automatically discounted. Their inclusionin a classification can aid in the distinguishing of clusters at lower spatial levels whereconcentrations of a variable that are not seen at a broader geographical scale becomeevident.
6.6.6. Variable weightingVariable weighting is the process whereby certain variables are given increasedprominence prior to clustering. Romesburg (2004) suggested that the weighting ofvariables is most appropriate when there is a specific goal for a classification. In suchscenarios it would be possible to assess the impact of weighting, i.e. does it make aclassification more effective for its particular goal? The weighting of variables for the2001 OAC may have reduced the suitability of it for certain applications (Vickers et al.,2005). The classification was designed to encapsulate the general characteristics of as
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much of the total UK population as possible at the small area level. The design of theclassification is for utilisation in multiple applications, as such there was no guaranteethat any weighting used would result in a beneficial solution to all.
The feedback received from the 2011 OAC user engagement exercise suggested thatnone of the current and former users found any negative impact from the lack of implicitweighting on how they used the 2001 OAC. Additionally, the feedback suggested that themajority of respondents wanted the 2011 OAC to remain as a general purposeclassification.
Although Vickers et al. (2005) argue that weighting variables is just as likely to have anegative impact as it is positive for a general purpose classification, commericalalternatives, such as Acorn and Mosaic have adopted the technique (CACI, 2013a;Experian, 2013). There is however likely to be a metholdological rationale for itsutilisation; without the weighting, certain variables could have too little discriminatorypower in the final cluster solutions. Unlike the 2001 OAC and 2011 OAC, commercialclassifcations use datasets with varying (and undocumented) coverage of the populationand spatial area of the UK. Weighting is therefore likely required to ensure that the dataused is refelective of the entire geographical region.
There remains a possibility that certain variables could have too much prominence in ageneral purpose classification using Census data. The use of weighting would counteractthe inter-correlation that can still exist in the final selection of variables. The artificialweighting caused by this inter-correlation can have a potential detrimental impact onclustering solutions. However, it was concluded that including weighted variables in the2011 OAC would have added too many unknowns into the classification due to thesignificant number of interactions within such a large dataset. The disadvantages ofincluding weighted variables outweighed any advantages, and like the 2001 OAC, focuswas instead placed on obtaining the best variable selection (Vickers, 2006).
6.7. Optimum data preparation techniquesAs described in Section 6.5 and shown in Table 6.1, a result of testing multiple datapreparation techniques for the 2011 OAC was the creation of 27 unique datasetsproduced from unique combinations of rate calculation, transformation andstandardisation. The techniques described in Section 6.6 were used on the 27 different
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datasets containing the initial variable selection to aid the final choice. All of the 27datasets were given equal prominence to avoid the influence of any possible previousassumptions on the final classification.
The steps described in Sections 6.5 and 6.6 were then repeated once the final set ofvariables had been chosen. This produced another 27 datasets, all of which could havebeen used for cluster analysis and the creation of the 2011 OAC. Although the creation ofthe datasets themselves was not a time consuming process, performing cluster analysisand assessing the suitability of each to form the final classification would have been. Assuch, methods were used to reduce the 27 datasets containing the final variables to asmaller number that could subsequently be individually assessed.
As noted in Section 6.6.4 the skewed nature of the data has a significant impact on thefinal clustering solution. Datasets were only considered for clustering if they had anoverall skewness value of between -1 and 1. This global skewness value, derived fromcombining the skewness values of each variable, allowed for the identification of datasetsthat were likely to contain a large number of variables that were not desirable forclustering.
This method did however have its limitations, as a skewness value does not indicate themodality of the distribution. This is less problematic for datasets with a unimodaldistribution as it makes a skewness value easier to interpret. Visualising the skewnessvalues allowed for the type of distribution to be identified. The presence of other typesof distributions, such as bimodal, meant that alternative methods were necessary to helpreduce the number of datasets to cluster. As the -1 to 1 range was an arbitrary threshold,this value could have been adjusted depending on how many datasets were left ordiscarded. This method was evaluated as being the most effective at giving a quantitativerationale for clustering certain datasets and discarding others.
In addition to solely discarding datasets which had skewness values outside of thesethresholds, alternative methods were used to identify other datasets that could beremoved from consideration. The clustering algorithm detailed in Section 6.8.3 was usedto cluster the remaining datasets. Initially the only outputs evaluated were the clusterassignments, and whether a dataset had a tendency to create clusters with low numbersof OAs or SAs assigned to them (termed ‘micro clusters’). Datasets which resulted in thisphenomenon were therefore discarded. To reduce the number of datasets further, those
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which formed clusters with poor differentiation, where there was little to distinguish onecluster from another, were also removed. Finally, the cluster solutions of the remainingdatasets were mapped. They were examined for a solution that looked the ‘most right’,guided by Benoit Mandelbrot’s view that “the basic proof of a stochastic model of natureis in the seeing: numerical comparisons must come second” (Mandelbrot, 1982a, p. 581).Batty and Longley (1986) argued that this statement can also be applied to artificiallygenerated phenomena. As such, the dataset which produced the result that looked thebest while also utilising robust statistical components, such as homogenous clusters, wasregarded as optimum. As a result the data preparation techniques used to create thisdataset were also considered optimum for creating the 2011 OAC.
6.8. ClusteringSelecting a clustering method can be considered more of a subjective process than onebased on statistical evidence. It is therefore essential to provide the rationale for theopted method in the creation of a geodemographic classification. This section describesthe clustering techniques considered for the 2011 OAC.
6.8.1. Common geodemographic clustering techniquesThere are numerous methods (or algorithms) that can be used to cluster a dataset. Thesemethods can be grouped into four types (Jain et al., 1999; Kovács et al., 2005):
i) Partitional Clustering: Directly decomposes a dataset into a set of disjointclusters. Typically the global criteria involve minimising some measure ofdissimilarity within each cluster, while maximising the dissimilarity of differentclusters (Kaski, 1997). This optimisation process is an iterative procedure.ii) Hierarchical Clustering: Creates clusters recursively. They create clusters byeither merging smaller clusters together, or splitting larger clusters into smallerones.iii) Density-based Clustering: Creates clusters based on density functions. Apotential advantage of these algorithms is that they create arbitrarily shapedclusters.iv) Grid-based Clustering: Summarises a dataset into a grid representation andsubsequently merges grid cells to create clusters (Akodjènou-Jeannin et al.,2007).
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An important aspect of the most prominent clustering methods (e.g., Ward's method andk-means) is that they produce virtual cluster centres (centroids). The centre of eachcluster is a centroid that is defined by the variable means for that cluster. The centre ofa cluster is therefore virtual in the sense that it typically does not correspond to anyspecific object in that cluster.
6.8.1.1. K-meansThe k-means algorithm (MacQueen, 1967) is a form of partitional clustering that involvesan iterative algorithm that operates on a fixed number of clusters (Van Laerhoven, 2001),or seeds (k), visualised in Figure 6.4. The seeds are randomly placed in multidimensionalspace and the distance between them and each data point is measured. Each data pointis assigned to the closest seed, which becomes a cluster centroid, thereby creating aninitial cluster assignment. Once this is completed the cluster centroids are recalculatedby taking an average of all data points in each cluster. Data points are then reassigned ifthey become closer to an alternative cluster centroid. This should result in animprovement to the overall clustering solution as the distances between data points andcluster centroids decrease, as measured by the sum of squared deviations (Aldenderferand Blashfield, 1984). This process is then repeated until a convergence criterion is met(Gale and Longley, 2012), where no further data points move between clusters and thevariability within clusters has been minimised.
The design of the algorithm results in k-means having a constant weight function, whereall data points belonging to a cluster have an equal influence on the centroid of thatcluster; meaning that all clusters are created equally. The end results of the process areoptimum clusters (for that initial seed assignment) where they will contain objects thatare as similar to each other as possible, and individual clusters will be as dissimilar toeach other as possible. Once the process is complete, the cluster means can be examinedfor each variable, allowing the distinctiveness of the clusters to be assessed anddescriptions formed (Everitt et al., 2011). The comparatively simplistic nature of k-means makes it one of the most commonly used methods in geodemographics (Harris etal., 2005). The algorithm is however sensitive to the initial assignment of cluster seedpoints. This may result in a single completed iteration of algorithm not achieving anoptimum solution. In addition, traditionally the k-means algorithm is computationallyexpensive for large datasets (Osamor et al., 2012). The algorithm can take hours or daysto complete depending on the size of dataset and the processing power available.
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Figure 6.4: The k-means clustering process
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The k-means algorithm was used to create the 2001 OAC (Vickers and Rees, 2007). Asthe aim for the 2001 OAC was to be a hierarchical classification, the algorithm wasadapted to accomplish this task. Two methods were proposed; a top down approach anda bottom up approach (Vickers et al., 2005). The top down approach works by firstlyclustering the entire dataset into n1 clusters (with n being a pre-selected number),forming the top level of the hierarchy. The middle level of the hierarchy is produced byrunning the k-means algorithm on each of the n1 datasets to produce n2 clusters. Finally,the bottom level is created by using the k-means algorithm on each of the n2 datasets tocreate n3 clusters. The bottom up approach reverses this process and creates the bottomlevel of the hierarchy first, then the middle level and finally the top level. The top downapproach was selected as it was believed to be “fundamentally better” and because “the[top] level was seen as the most important” (Vickers et al., 2005, p. 41–42). The top downapproach was furthermore considered by Vickers et al. (2005) to be better because itmeant that objects, in this case OAs and SAs, were always clustered, as opposed to clustercentroids (as is the case in the bottom up approach). Vickers et al. (2005) explain thenegative impact this could have on a final clustering solution. Cluster centroids willrarely be representative of an entire cluster. An object that has little resemblance to thecluster centroid can still be included within that particular cluster. Going up ahierarchical level and clustering using these centroids can create clusters containingobjects with little in common, and thus result in clusters with low homogeneity.
6.8.1.2. Ward’s hierarchical clustering algorithmWard’s hierarchical clustering algorithm seeks to cluster a large array of objects intosmaller, mutually exclusive groups (Ward, 1963). The composition of these groups willconsist of objects that are as similar to each other as possible. Hierarchical clustering isan agglomerative, or bottom up, approach to clustering. All objects are initially separateand the algorithm searches all possible pair combinations, selecting the pair thatminimises the within cluster variance (Szekely and Rizzo, 2005). This process continuesuntil all objects have been merged to form one single cluster. As the algorithm relies onminimising the within cluster variance, clusters are not guaranteed to be optimal. Theminimised within cluster variance is akin to giving the shortest route priority. In someinstances this can mean that the most appropriate route does not get taken, leading toreductions in individual cluster homogeneity. To illustrate the relationships betweenobjects a dendrogram can be produced. This forms a tree-like diagram expressing thelinks between objects. All objects are joined together at the base, with branches linking
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objects that are clustered together, leading to the formation of new nodes. The length ofeach branch, the cophenetic distance, indicates the strength of the relationship betweenthose particular objects or nodes.
Ward’s algorithm was considered for use in the 2001 OAC (Vickers et al., 2005). Theadvantage of using this method was that as the 2001 OAC was required to be hierarchical,there would only be a need to run the algorithm once and subsequently decide on thethree levels (as depicted on a dendrogram) where the clusters would be. The methodwas however rejected due to its unsuitability for such a large dataset. Ward’s algorithmcan only be run on small datasets of approximately 1,000 objects or fewer (Vickers et al.,2005). In an attempt to resolve this, Vickers et al. (2005) first clustered the data using k-means into 1,000 objects and then applied Ward’s algorithm. The sizes of the clustersproduced using this combined method ranged from containing 125,000 OAs to 3.Detailed reasons on why this occurred are provided in Vickers et al. (2005), bututilisation of Ward’s algorithm to create the 2001 OAC would have led to inconsistentlysized clusters which revealed little about the UK.
6.8.1.3. Partitioning Around MedoidsThe Partitioning Around Medoids or PAM algorithm (Kaufman and Rousseeuw, 2005) isan alternative form of partitional clustering. PAM acts to find a representative objectwhose average dissimilarity to other data points is minimal, called a medoid, for eachcluster. The algorithm selects an object as a medoid for each of the predefined numberof clusters. Those objects not initially selected are grouped with the medoid that sharesthe most similar characteristics. The medoids are then swapped for another object andthe process is repeated until all objects have been assigned to medoids and the optimumclusters are produced. The objects are selected at random, and are actual data pointsassigned to clusters based on their closeness in the matrix (as opposed to points withinEuclidean space which is used for algorithms like k-means). PAM is less sensitive tooutliers because the process of assigning medoids uses a median rather than the meanin the optimisation procedures. The PAM algorithm can be more robust than k-meansbecause it seeks to minimise the sum of dissimilarities rather than the sum of squaredEuclidean distances, although this will vary depending on the type of clustering desired.Due to nature of the algorithm, PAM can be computationally expensive as each object iscompared with the entire dataset (Ng and Han, 1994). It can also produce singleton
Chapter 6 – Methodology for the 2011 Area Classification for Output Areas 201
clusters when atypical objects are used in combination with a relatively small clusternumber assignment (Kaufman and Rousseeuw, 2005).
6.8.1.4. Consensus clusteringConsensus clustering is an alternative method to contemporary clustering methods thatrely on a single algorithm to find an optimal clustering solution. Instead it uses acombination of traditional cluster methods to produce more consistent results. Thismethod was first proposed by Monti et al. (2003) and can be advantageous as throughthe combination of multiple clustering methods, the weakness of one particularalgorithm can be offset with the advantages of another. It allows common traits betweendifferent clustering methods to be identified (where different algorithms identify thesame clusters), while also revealing any differences between them. This method ofclustering will subsequently seek to find a consensus which best represents the dataset(Goder and Filkov, 2008). A number of metrics can be used to indicate which clusteringmethod provides the optimum outcome, and what the number of inherent groups withinthe data are (Simpson et al., 2010). This is particularly helpful when using methods suchas k-means, which rely on random seeding to allocate initial clusters (Monti et al., 2003).Some of the benefits of consensus clustering include the ability to generate betterclusters whilst being sensitive to noise and outliers in datasets (Nguyen and Caruana,2007). The optimum result of consensus clustering is one where there is little differencebetween methods used as there can be more confidence in the clusters formed if morethan one method has identified them in the data.
Geodemographic classifications with methodologies open to scrutiny have notpreviously utilised consensus clustering. The primary reason, other than its relativenewness, is the issue of utilising the method on the large datasets which arecommonplace with geodemographics. The current computational power available wouldnot allow a geodemographic classification to be created from consensus clustering at anational scale at the finest resolution on a standard desktop workstation (Gale andLongley, 2012). Current computational efficiency means that computing allpermutations for all clustering algorithms would take significantly longer thanalternative methods. This problem currently prohibits a wide adoption of the method.As the 2011 OAC is designed to have a methodology that is reproducible, it would not besuitable to utilise a clustering method which most users would not be able to readily use.An additional issue associated with consensus clustering is that the metrics produced to
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help identify the optimum algorithm or numbers of clusters rely on a definition of‘optimum' that can be quantified, something that is often only possible to do soqualitatively. Consensus clustering may lead to the best and most robust clusters from astatistical point-of-view, but they may be inherently poor at representing the socio anddemographic variations across the coverage of a geodemographic classification.
6.8.1.5. Other clustering techniquesThere is a plethora of clustering techniques available to use, although not all methodshave been utilised historically for geodemographical purposes. Arabie et al. (1996),Gordon (1999) and Xu and Wunsch (2009) provide a more thorough review of clusteringtechniques.
AMOEBA (A Multidirectional Optimal Ecotope-Based Algorithm) is a proceduredeveloped by Aldstadt and Getis (2006). It assesses the spatial association of a mappedobject to surrounding objects and identified hot and cold spots (Jankowska et al., 2008).Whilst it has been designed to handle geospatial data as it searches for spatial associationat the finest scale, it is not appropriate for use in the 2011 OAC. The way in whichAMOEBA identifies hot and cold spots puts more emphasis on the statistical significanceof the resulting clusters than it does on assigning all objects to clusters. There is apossibility that not all objects will have a cluster assignment, something which is arequirement of the 2011 OAC. Jankowska et al. (2008) do, however, introduce thepossibility of modifying the method to address this issue.
The concept of fuzzy classification has been discussed briefly in Section 6.2 within thecontext of uncertainty within a final classification. Fuzzy classification can also be usedto form the basis of a classification. Fuzzy classifications group objects into fuzzy sets(Zadeh, 1965). For geodemographic classifications this can be visualised as assigning allobjects different shades of grey, rather than definitively black or white (either a memberof a cluster or not). Fuzzy classification is a product of the belief that large datasets areinherently too complex to be grouped into well-defined clusters, and to do so is anoversimplification (Gordon, 1999). This can be said to be truer for objects that are on theedge of clusters as these will be increasingly dissimilar to those found in the centre ofthe cluster (Vickers et al., 2005), and are in fact likely to share more characteristics withobjects in other clusters. It can therefore be said that the propensity of an object to sharecharacteristics of objects found at the centre of its cluster reduces the further away it is
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from that cluster’s centroid. A fuzzy classification system uses this property to classifyeach object as having a proportional membership to all the final clusters, rather thanbelonging to only one (Voas and Williamson, 2001; Everitt et al., 2011). A fuzzy methodalso allows for geographic inter-cluster differences to be identified. On a national level, acluster may be superficially similar, but at a local scale there may be variations betweendifferent areas. An example of this is the ‘Countryside’ cluster from the 2001 OAC. Acrossthe UK 12.4% of OAs are assigned to this group, but the composition of the group isdifferent in Scotland when compared to the rest of the UK. This difference is notidentifiable from solely looking at the cluster assignment, and requires a more detailedanalysis. These differences within cluster groups that cover large geographical areasexist because geographical phenomena are influenced by global effects first and localeffects second (Bailey and Gatrell, 1995; Estivill-Castro and Lee, 2000). Fuzzyclassification is one method that can handle this inter-cluster variation. Fuzzy versionsof traditional clustering methods have been developed, such as fuzzy c-means (Bezdek,1981). Feng and Flowerdew (1998) provide a description of how a fuzzy classificationcan be created.
Whilst a fuzzy classification is more likely to provide a more realistic presentation ofreality (Vickers, 2006), such a classification would be harder to interpret. Theimportance of a classification simplifying a complex dataset into an easilyunderstandable format meant that this type of fuzzy methodology was not used for the2011 OAC. Although, similar to the discussion in Section 6.2, the uncertainties created bythe fuzzy aspects of the 2011 OAC were not completely discarded. Including them as anancillary part of the creation process will aid the creation of similar tools presented bySlingsby et al. (2011).
Vickers (2006) investigated the use of artificial neural networks as a method ofclustering for the 2001 OAC. A particular technique, known as a Self Organising Map(Kohonen, 1984) was used to create one of the first open geodemographic systems anda predecessor of the 2001 OAC, the ‘GB profiles’ geodemographic system (Openshaw,1994). GB profiles clustered Enumeration Districts from the 1991 UK Census, and as theSelf Organising Map technique is an unsupervised algorithm, it was able to identify anideal number of clusters without having them pre-specified (Kohonen, 1998). There arehowever, problems with other aspects of methods which utilise the artificial neuralnetwork framework which make it unsuitable for the 2011 OAC. Vickers (2006)discounted their use in the 2001 OAC because the method has hidden layers that make
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understanding the assignment process difficult. Although the algorithms that underpinthe method are open, the level of difficulty associated with understanding the techniquemakes it unsuitable for adoption with the 2011 OAC; especially as one of the fundamentalprinciples of the classification is to have an open, understandable and fully documentedmethodology.
An important factor when considering a suitable clustering method is the ability tounderstand the processes behind the algorithm. The process can therefore bedocumented and can be subsequently used to aid interpretation of the final clusteroutput by users. The importance of understanding how a clustering algorithm works wasdeemed a key component of creating the 2011 OAC and considered a key criteria whenselecting which method to use.
6.8.2. Distance measuresThe primary purpose of clustering algorithms is to minimise variability within clusterobjects and maximise variability between cluster objects (i.e. distances between objectsare minimised within clusters and maximised between clusters). This is calculated basedon the mathematical distances between all objects, which can relate either to actualdistances or arbitrary values in multidimensional space (Johnson and Wichern, 2007).Distances can be measured in terms of similarity, where lower values signify that objectsare more similar, or dissimilarity, where larger values signify that objects are moresimilar. There are no definitive rules on which type of measure should be used, but inmost cases knowledge of the data being clustered should be utilised to provide guidanceon the most appropriate measure to use. For example, a measure may be more suited toa certain data type, such as continuous, discrete or categorical. This knowledge of thedata is particularly important as the majority of standard distance measures assume thatthe clustered objects are continuous in nature (Anderberg, 1973). There are a number ofdifferent measures as outlined by Everitt et al. (2011), but only a few are commonly usedand these themselves share similar attributes. Below is a brief summary of a selection ofdistance measures:
i) Euclidean distance: The geometric distance in multidimensional space betweenobjects. It is calculated by taking the square root of the sum of squares of thedifferences between the values of objects. This is one of the more populardistance measures due to its relative simplicity. However, despite reaching the
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maximum number of iterations allowed within a clustering algorithm it does notalways converge.ii) Squared Euclidean distance: This is the same as Euclidean distance but withoutthe square root being taken and the distance values being squared. As it does nottake the square root it gives a clustering algorithm increased performance, whencompared to the Euclidean distance, due to better computational efficiency(Mouffron et al., 2008). The measure is better at handling large numbers ofobjects (Everitt et al., 2011) and helps convergence of a clustering algorithm inlarge datasets. It also acts to place an increasingly greater weight on objects thatare further apart. However, it can emphasize any outliers since the squarefunction magnifies larger values. As such, only a small number of outliers wouldbe required to have an adverse impact on clustering solutions.iii) Manhattan distance: This is the average difference across dimensions. In mostcases, this distance measure produces similar results to the Euclidean distance.A key difference, however is that the effect of outliers (large differences betweenobjects) is reduced since these values are not squared.iv) Chebyshev distance: This measure can be used to identify two objects asdifferent. It is calculated by taking the maximum distance between objects.
The selection of the type of measure to use for the 2011 OAC was dependent on theclustering algorithm used. Vickers (2006) states that for partitional clustering methods,such as k-means, there is no difference between using the Euclidean distance or thesquared Euclidean distance. However, as Everitt et al. (2011) state, squared Euclideandistance has the capacity to handle large datasets better. There is however a differencein cluster outputs when using either of these measures with a hierarchical clusteringmethod (Everitt et al., 2011). Vickers (2006) concludes that Euclidean distance is thepreferred option for hierarchical clustering, and squared Euclidean distance forpartitional clustering. While the other distance measures discussed could have beenused for the 2011 OAC, it was deemed unnecessary to test their appropriateness for thenew classification. This was because the distance measures compatible with the 2011OAC dataset would likely have produced comparable results due to the similarities thatthe measures share.
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6.8.3. Selecting a clustering methodUnlike the data preparation stage, it was felt that pre-defining the clustering method tobe used on the final variable selection was appropriate. Any clustering method couldhave been used with the 2011 OAC, but the final choice was guided by the responses tothe 2011 OAC user engagement. Respondents indicated a preference for the top-downhierarchical structure of the 2001 OAC. As a result, the use of a partitional clusteringmethod and recreation of a similar structure with the 2001 OAC was selected. Differentmethods were considered, but ultimately using the same partitional clustering methodand distance measure used on the 2001 OAC was judged to be the best way of ensuringthat a similar cluster structure was created for the 2011 OAC. As such, k-means using thesquared Euclidean distance measure was selected as the clustering method.
An advantage of using k-means as the clustering algorithm for the 2011 OAC meant thatimprovements made in the methodology, namely testing multiple data preparationprocedures, could be subjectively assessed to see whether they led to the creation of abetter classification than the 2001 OAC. Maintaining the same clustering proceduremeant that any uncertainty, which would have been created using an alternative method,was removed. The selection of k-means method did however mean that the bias andgeneralisation associated with the reliance on global parameters, such as the number ofclusters, needed to be accounted for (Estivill-Castro and Lee, 2000). To resolve thisproblem for the 2011 OAC, different numbers of clusters were tested using multipleiterations of the k-means clustering algorithm. Due to the random nature of the initialseed assignment of k-means, each iteration of the algorithm can produce differentclustering solutions. Running multiple iterations of the algorithm on the same datasetfor the desired number of clusters meant that an optimum solution was identified (seeSection 6.8.6).
6.8.4. Cluster numbers and classification structureGeographical phenomena are primarily the result of global order and secondly by localorder effects (Bailey and Gatrell, 1995). Clusters created from the 2011 UK Census aretherefore the product of both effects at the national (global) and the sub-national orregional (local) geographic scale. The relationship between global and local effects is notconsistent, therefore the number of clusters directly impacts upon how these differenteffects manifest themselves in the final groupings. Deciding upon the optimum numberof clusters in a classification is dependent on a number of factors. Considerations such as
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the structure of the classification have a direct impact on the final clusters produced. Ahierarchical classification, with a tiered structure, may require a different number ofclusters to a classification that is non-hierarchical to best represent the characteristicsof the resident population. For example, a hierarchical classification could have fewerclusters for its top tier that have full geographical coverage and provide more genericpopulation summaries. The lower tiers could then offer more specific descriptions, albeitwithout full geographical coverage. In contrast, a non-hierarchical classification is morelikely to include more clusters for its single tier in order to produce summaries of thepopulation with adequate detail.
As the 2001 OAC’s three-tiered hierarchical approach and cluster number, discussed inSections 2.6 and 6.8.3, was deemed satisfactory by the 2011 OAC user engagement (seeSection 4.3.2) there was an expectation that the 2011 OAC would be similar. There wasnot, however, an expectation of having identical cluster numbers to the 2001 OAC, in thesame way there was no expectation to use the same variables. The 2011 OAC thereforeaimed to have similar, but not identical numbers in a three-tiered structure with theretention of the Supergroup, Group and Subgroup terminology. The advantage ofretaining a consistency in clustering methods between the 2001 OAC and the 2011 OACwas in maintaining a similar structure between the two classifications. Using a top-downclustering method meant that Subgroups still nested within Groups, and Groups withinSupergroups. This can be seen as a desirable feature of the 2011 OAC as it makesadapting to this new version easier for those experienced in using the 2001 OAC.
As discussed in Section 2.5, there is no consensus on how to structure or form ageodemographic classification. Singleton and Spielman (2013) did however concludethat the hierarchical structure tends to be of three levels for UK classifications, albeitwith different number of clusters per level. With no common methodological approach,the number of clusters required to best represent a population is unique to everyclassification. The alternative method for determining the number of clusters andhierarchy to use with the 2001 OAC came from personal correspondence with ProfessorMartin Callingham (Vickers, 2006). This led to the ideal number of clusters for eachhierarchal level, and what their intended uses could be. The reasons given for thenumber of clusters used in the 2001 OAC and structure are summarised below:
 Supergroups: The highest level of aggregation should have around 6 groups.This allows for descriptive names and can be visualised easily.
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 Groups: The middle level of aggregation should have around 20 groups. Thiswould be useful for customer profiling and allows market propensity measuresto be established with comparatively small surveys. Ideally the groups wouldhave descriptive names.
 Subgroups: The lowest level of aggregation should have around 50 groups. Thiscan be used for market propensity measures from the larger commercial surveysand government surveys. The groups do not need descriptive names.
The view that the clusters which form the lowest level of aggregation do not need namesis contradicted by anecdotal evidence from users of the 2001 OAC who have suggestedthat having names at this level would have improved the classification. It should also benoted that commercial systems, such as Mosaic and Acorn name the clusters in theirrespective lowest aggregation level (Experian, 2010; CACI, 2013b). As such, the 2011OAC can only be considered an alternative to these products if all levels of theclassification hierarchy are named.
The final number of clusters used with the 2011 OAC was decided by utilisation of bothquantitative and qualitative methods. The steps outlined in Section 6.2 by Everitt et al.(2011) provide some generic guidance on the approaches taken. Vickers et al. (2005)details the three main considerations in deciding upon cluster numbers in aclassification:
1. The average distance from the cluster centre for each cluster number optionshould be the smallest possible.2. The size of the clusters should be as similar to each other as possible.3. The number of clusters should be as close to the perceived ideal as possible.
The first two issues can be quantitatively measured to determine how many clusters areneeded to find the optimum solution. The third issue is more subjective, and has the mostscope to vary between different classifications. It was therefore important to decide whatan ideal number of clusters should be for the 2011 OAC. This would ideally be themaximum number of clusters that distinguish different characteristics of the UKpopulation, which have similar number of OAs and SAs assigned to them.
Finding the optimum solution for the 2011 OAC was achieved through the methodicalprocess of testing numerous outputs and cluster numbers. Utilisation of the k-means
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algorithm produced a similar structure to the 2001 OAC forming a classificationconstructed in a top-down format. A final decision made on both the dataset and clusternumbers used to create the final 2011 OAC hierarchy was based on both qualitative andquantitative assessment. Decisions were based on testing multiple permutations ofcluster numbers on the different datasets. The top level of the hierarchy had 5 to 9clusters tested, while the middle and bottom levels had 2 to 4. These numbers werechosen as they resulted in a similar hierarchical structure to the 2001 OAC, withoutrequiring an identical number of clusters. The dataset selected created the optimumclusters in terms of the number of groups, and their reflection of the population anddistribution characteristics.
6.8.5. Cluster names and descriptionsThe final clusters for each level of the 2011 OAC hierarchy were given names anddescriptions to aid the understanding of a cluster’s characteristics. Vickers (2006) notedthat names and descriptions of clusters can be contentious due to their potential toreinforce negative stereotypes. As you move down a classification hierarchy the clustersrelate to decreasing proportions of the population. This can give the impression thatnames for some of the smaller clusters relate more to individuals than the general area,risking invoking an ecological fallacy (Robinson, 1950). The extent to which this impactsthe usefulness of a classification depends on the specific geographic area. Ageodemographic classification is more useful when individuals can identify with thenames and descriptions given to their local area.
To reduce the likelihood of individuals taking issue with names and descriptions, certainwords and phrases were avoided where possible for the 2011 OAC. Words that madevalue judgments, unless they could be justified statistically, were avoided. Other wordsthat were overtly negative or positive were also avoided. Where possible, language wasused to imply that the characteristics of an area were a consequence of factors that havehappened to the resident population and not because of them. This was done in keepingwith the view that value judgements should be avoided.
The names and descriptions of clusters are based on their average characteristics.However, areas assigned to each cluster will differ in how much they conform to theseaverage characteristics. As such, names could not be too specific, as these wouldcorrespond more significantly to the OAs and SAs closest to their assigned cluster’s
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centroid. Conversely, names that are too broad pose the risk of being too vague to offerany real insight into an area. In these circumstances the deviation found in the clusteringprocess would be masked by similar names and descriptions being given for each cluster.As such, names and descriptions for the 2011 OAC were considered on a more simplisticscale of either bad or good for their intended purpose.
Cluster names can be considered as the user interface of any geodemographicclassification, meaning that the underlying complexity of the cluster compositions hasthe potential to go unnoticed. Although other outputs from the clustering process areavailable to aid interpretation of the classification, it is still likely that the primary focusof many 2011 OAC users will be on the cluster assignment and their associated namesand descriptions. Based on the issues identified in the naming process a set of guidelineson how the 2011 OAC clusters were named can be produced. The extent to which theseguidelines have been kept depended on the final composition of each cluster created.They do however, offer pertinent advice for the naming of any geodemographicclassification:
 All of the clusters created for each hierarchical level should be named to aid userinterpretation, regardless of the use of the classification.
 The same names used by other geodemographic classifications cannot be used.Doing so would add confusion and suggest that the clusters in differentclassifications can be compared – this is especially true with the 2001 OAC and2011 OAC. While the 2011 OAC has been designed to be structurally similar tothe 2001 OAC, the clusters themselves are unique and share no links.
 Neutral phrasing of the names and descriptions is important to improve thelikelihood that the clusters will be accepted as providing a realistic interpretationof areas.
 The names should avoid being too specific but still provide unique descriptors ofeach cluster.
6.8.6. Optimising clustering algorithm iterationsThe use of k-means as the clustering algorithm for the 2011 OAC meant that several stepswere taken to ensure that optimum outputs were produced. As previously discussed, therandom nature of the k-means algorithm and its initial seed assignment means that eachiteration of the algorithm can create different clustering solutions. As such, it was
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advantageous to run the algorithm multiple times in order to find the optimum solution.To achieve this, the mean WCSS value (as discussed in Section 6.6.3) for each iterationwas used, with the iteration that had the lowest WCSS value considered to be theoptimum result. Singleton and Longley (2009b) suggest that the optimum number ofiterations for k-means is 10,000; however, this figure should not be usedindiscriminately without first considering the size of the dataset that requires clustering.For example, the 2001 OAC, with its 223,060 OAs and 41 variables creating 9,145,460data points, takes over one day to run through 10,000 iterations of k-means (assumingthe use of a high specification desktop PC). As such, the performance requirements canbe a prominent factor into deciding how many iterations of k-means are performed,rather than using an arbitrary value. Estivill-Castro and Lee (2000) noted that the GIScommunity seemed more focused on producing optimum clusters rather than thecomputational efficiency. The focus for the 2011 OAC was therefore to create optimumclusters in the most efficient way possible.
To ascertain the optimum number of iterations for the k-means algorithm for the 2011OAC, eight subsets of the 2001 OAC dataset were clustered, with each subsetrepresenting a differently sized geographic area. This was done to test the hypothesisthat the size of a dataset impacts the efficiency of the clustering process and the optimumnumber of algorithm iterations. The results of this are presented in Figure 6.5 wherethese eight differently sized areas, ranging from the ward of Bloomsbury in London tothe whole UK have been clustered and the resulting WCSS values for each iteration arerecorded. It is clear that the size of a dataset has no bearing on how the k-meansalgorithm functions, with all eight datasets being equally unstable from a clusteringprospective. Across the eight areas, each iteration produced a unique WCSS value. Theonly exception was in Bloomsbury, where the smallest WCSS value was achieved 94times and 47% of values were not unique. This indicates that 10,000 iterations may nothave been enough to ensure an optimum clustering solution, and smaller WCSS valuesmay have been achieved if more iterations had been performed.
Although the clustering solution that uses the smallest WCSS value can be consideredoptimum from a statistical perspective, it does not guarantee the robustness of anyoutputs. A global measure like the WCSS value is explicitly non-spatial, and as suchcannot guarantee that any spatial output represents geographical phenomenon, such asneighbourhoods, optimally.
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Figure 6.5: WCSS values for n k-means runs of the 2001 OAC
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The implications for the 2011 OAC dataset are that in theory, n iterations of k-meanscould be performed and an optimum cluster solution never achieved. The likelihood offinding an optimum solution are increased by running the algorithm more times, butcomputationally, a cut-off point needs to exist, and the 10,000 value stated Singleton andLongley (2009b) is appropriate for this reason. This multi-iteration approach is the mostappropriate method when utilising the k-means algorithm, but if the same dataset needsto be clustered multiple times and be able to produce the same results (for examplereproducing the 2011 OAC for further analysis and critique) it can be unreliable.
A solution to this problem would be to fix the initial seed points. This would use the seedpoints from the best of the 10,000 previous iterations, meaning that only a singleiteration of the algorithm would be required to produce an optimum clustering solution.Although this method would make future re-clustering of the 2011 OAC dataset a moreefficient process, it would compromise its use with any other dataset. This is because theideal seeding locations change for every dataset. Fixing the seeding points for optimumuse with the 2011 OAC dataset would therefore lead to non-optimum clusteringsolutions with any other dataset. This would have a significant negative impact on theability for the 2011 OAC’s methodology to be more widely adopted. The multi-iterationapproach was therefore the best overall option as it allows the optimum clusteringsolution (within the 10,000 iteration computation limit) to be found for every datasetthat uses it, while being as efficient as possible.
Although the clustering solution that uses the smallest WCSS value can be consideredoptimum from a global statistical perspective, this criterion alone is not necessarily thesole or even the most important aspect of a finalised classification. A global measure likethe WCSS value is non-spatial, and as such cannot guarantee that any spatial output fullyaccommodates geographical considerations optimally, such as neighbourhoods or thesize and configuration of areal units. Mandelbrot (1982b) argued that good models, or inthis case clustering solutions, which generate spatial predications that can be mapped orvisualised should ‘look right’. In the context of a geodemographic classification thisinvolves assessing whether the geographic distribution of clusters resemble what isknown about an area. If the output of a clustering procedure with the lowest WCSSproduces unrealistic geographic distributions of clusters, then it cannot be consideredas the optimum solution. Mapping the best clustering solution is therefore vital before itcan be declared ‘optimum’. Despite the issues of clustering utilising the lowest WCSSvalue, the output from this should still be considered the optimum outcome. Ideally the
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optimum clustering solution from a statistical perspective will also ‘look right’ whenvisualised. If this is not the case then it provides a good starting point to explore theclustering solutions considered non-optimum due to their WCSS values.
6.8.7. Optimised versus non-optimised clustering algorithm
iterationsThe need to use an optimal cluster output for the 2011 OAC was examined using thedatasets and WCSS values shown in Figure 6.5. Using the clustering solution with thelowest WCSS value creates clusters that are as homogenous as possible, while theclusters themselves are more heterogeneous. Conversely, the highest WCSS value meansthat each individual cluster is more heterogeneous and differences between clusters aresmaller. The impact of using a cluster solution produced using the lowest (or optimum)and highest (or non-optimum) WCSS values is shown for Camden in Figures 6.6 and 6.7and for London and the South East in Figures 6.8 and 6.9. Although the designations of‘optimum’ and ‘non-optimum’ are based on statistical outputs alone, a comparisonbetween outputs derived from the non-spatial WCSS statistic provides an opportunity toassess the extent to which clustering solutions derived from these different values ‘lookright’ (Mandelbrot, 1982b).
The results from both areas indicate that there is a difference between using an optimumand non-optimum clustering solution. In Camden there is a visual difference in thenumber of OAs that are assigned to ‘Cluster 3’ between the two solutions. Additionally,the distinction between ‘Cluster 5’ in the southern parts of Camden and ‘Cluster 2’ innorthern Camden shown in the optimum cluster solution does not exist in the non-optimum version. The relative small size of Camden makes it difficult to judge which ofthe two solutions ‘looks right’. The optimum solution offers more variation in terms ofOA cluster assignment, but without knowing the micro-level dynamics of Camden itcannot be considered to be the better option. The most obvious difference betweenoptimum and non-optimum solutions for London and the South East is the number ofOAs assigned ‘Cluster 2’. Although another notable difference is ‘Cluster 3’ being moredominant coupled with a reduction of ‘Cluster 4’ in London in the non-optimumclustering solution. The larger study area means that the optimum solution can beidentified as the one which looks the most visually accurate. The greater variation incluster assignment in London reflects the different population characteristics found, andthe amount of variation in rural areas is greater than the non-optimum solution suggests.
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Figure 6.6: Cluster solution using lowest WCSS value for Camden
Figure 6.7: Cluster solution using highest WCSS value for Camden
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Figure 6.8: Cluster solution using lowest WCSS value for London and the SouthEast of England
Figure 6.9: Cluster solution using highest WCSS value for London and the SouthEast of England
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The explanation of the significant differences between the optimum and non-optimumcluster solutions is more complex than the fact that individual clusters become lesshomogenous and differences between all clusters become smaller. Some clusters have avery different composition between the optimum and non-optimum cluster solutions, tothe point where what visually looks like the same cluster actually represents differentcohorts of the population. This is shown in Figure 6.10 – cluster profiles with theoptimum and non-optimum cluster compositions overlaid on each other. The majorityof clusters in Camden have fundamentally different compositions between the optimumand non-optimum solutions. This means that any similarities in the geographicdistribution between the same clusters in these cases are only a coincidence. Oneexception to this is ‘Cluster 4’, where despite having different geographical distributionsbetween the optimum and non-optimum solutions the cluster still represents similarpopulation characteristics. The other exception, although to a lesser extent, is ‘Cluster 2’,but again this has different geographical distributions between the two cluster solutions.
The differences in cluster composition between the optimum and non-optimumsolutions for London and the South East are less pronounced than those for Camden, butno cluster remains stable between the two. The smaller variations in cluster compositionbetween optimum and non-optimum solutions for London and the South East comparedto Camden may suggest that larger datasets (50,785 clustered OAs compared to 734) areless susceptible to change. This is however irrelevant for geodemographic classificationsas any cluster compositions that differ from that offered by the lowest WCSS value areconsidered undesirable, unless they can be shown to offer a solution that is morerepresentative of that area’s characteristics than the more statistically robust option.
The differences between optimum and non-optimum clustering solutions created forCamden and London and the South East highlight the inherent random nature of k-means. The substantially different composition and geographic distribution of thecluster groups between these solutions highlights how sensitive k-means is to the initialrandom seeding of cluster sites. This is why steps, such as the 10,000 iteration valuediscussed in Section 6.8.6, were required to ensure an optimum outcome for the 2011OAC dataset. A statistically optimum clustering solution identified using 1,000 iterationsfor example, may have corresponded to a statistically non-optimum solution when10,000 iterations were used. The resulting differences in cluster composition betweenthese two solutions may have been minimal, but these changes could still have a directimpact on how the final clusters and classification look.
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Figure 6.10: Cluster profiles using lowest and highest WCSS values
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There needs to be confidence that the clusters of a geodemographic classification are asoptimal as possible, both from a statistical perspective and in terms of what visuallylooks the most right. The London and the South East example indicates that there is alevel of correlation between the two aspects of optimisation, where the utilisation of thelowest WCSS value results visually in the best cluster distribution. This is less clear in theCamden example, suggesting that while using the lowest WCSS is more likely to producethe best visual output, this becomes less certain when clustering a smaller set of objects.Overall, it can however be stated that clusters formed using the lowest WCSS value foundfrom running 10,000 iterations of the k-means algorithm are likely to be both statisticallyand visually optimal.
6.8.8. Reproducible ClusteringAn objective in the creation of the 2011 OAC methodology was to make it as reproducibleas possible. Having the majority of the operations performed in the command lineprogram R (R Development Core Team, 2011) helped to achieve this. This allows thescripts used in the creation of the 2011 OAC to be accessed by others, either in recreatingthe 2011 OAC or by modifying the methodology for their own particular uses. Animportant component of this is the ability to produce the same clustering results fromthe same set of variables each time. This consistency is vital to external evaluation andcritique of the clustering process, as well as providing stability to an inherently unstableprocess.
As discussed in Sections 6.8.6 and 6.8.7, it is important that the k-means algorithm is runrepeated times to ensure an optimum result is found. Using the lowest WCSS value after10,000 iterations increases the chances of identical clusters being created every time theclustering process is run. What this will not do however, is order the clusters in the sameway. The random initial assignment of seeds for k-means means that what was assignedas cluster 2 in one cluster run, could be assigned as cluster 4 in another. Therefore, whilstthe composition and number of OAs assigned would be the same, they would be givendifferent individual assignments. This is demonstrated in Figures 6.11 and 6.12, whichshows the identification of the same clusters in Camden for different cluster runs, butwith different designations.
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Figure 6.11: Cluster solution for Camden after first k-means run
Figure 6.12: Cluster solution for Camden after second k-means run
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Different designations for the same clusters are a natural consequence of using k-means,but are an undesirable feature for a fully reproducible clustering objective. A solution tothis problem is to use each cluster’s unique WCSS value created after the initial clusteringprocess to re-order the clusters. Subsequent clustering that produces the same clustersbut in a different order will also produce the same (or very similar) WCSS values. TheWCSS values on a particular run can then be matched with those from the first run to re-order the clusters. This will give the appearance that each clustering run produces thesame clusters in the same order each time.
The alternative method of ensuring the same clustering outputs every time the k-meansalgorithm is run is to fix the initial seed points. This method was discussed in Section6.8.6 and discounted because it would mean that the code created for the 2011 OAC couldonly be used on that dataset. As this would have a negative impact on the adoption of2011 OAC’s methodology for use with future geodemographic classifications it wasdiscounted.
6.9. ConclusionsThis chapter has outlined the process that underpins the creation of the 2011 OAC. Themethodological approach used in the creation of the 2011 OAC is designed to offer arobust and rigorous approach to a field where there is no predefined set of rules on howto produce a geodemographic classification. The decisions made during the creation ofthe 2011 OAC cannot all be quantitatively assessed; indeed the qualitative aspects increating a geodemographic classification are perhaps the most important. Whilestatistical and mathematical approaches can help inform a classifications’ creator,subjective decisions need to be made on what will produce the best final outcome. In thiscontext, the best can be defined as a geodemographic output which provides the mostuse to the greatest number of people, which is something that statistical andmathematical tests alone cannot guarantee.
Creating a geodemographic classification can lean heavily on past methodologies orcreate new and expansive methodologies utilising methods and procedures neverpreviously applied in the field. Ultimately, whatever the techniques used, the aim is thesame: to create a geodemographic classification which can summarise the varyingcharacteristics of the study population. The methodology for 2011 OAC is an evolutionof that used for the 2001 OAC. This is a reflection of the views expressed by current and
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past users of the 2001 OAC that they favour the structure, outputs and generalcharacteristics of the classification. As such, improving the 2001 OAC methodology,rather than creating something new, has been the focus.
This focus has meant identifying areas of the 2001 OAC methodology that could beimproved to create a better classification, and other areas where modifications were lesslikely to fundamentally alter the 2011 OAC. Based upon the different stages of clusteranalysis as identified by Milligan (1996) and expanded by Everitt et al. (2011), decisionswere made to test multiple rate calculation, transformation and standardisationtechniques. These decisions were made to aid variable selection and to find the optimumsolution for creating clusters. Conversely, it was decided to only use the k-meansalgorithm for all clustering with the caveat that optimisation of the algorithm wasessential. It was argued that the processes involved in preparing a dataset for eithervariable selection or final clustering were more important, and had a greater impact onthe final clusters, than which clustering method was to be used. While differentclustering algorithms would produce some variation, current and past users identifiedthe top-down three-tiered hierarchical structure of the 2001 OAC as a useful feature. Theselection of appropriate variables and the subsequent application of the optimumpreparation techniques on them allow the 2011 OAC to be a better classification, but stillresemble the 2001 OAC.
The different principles of the 2001 OAC and the 2011 OAC have meant a shift in focusaway from solely creating a geodemographic classification. The main goal of the 2001OAC was to show that creating a free open geodemographic classification was possibleat the highest level of granularity. The 2011 OAC expands on this utilising a methodologythat does not just cater for one bespoke dataset. There is an opportunity for themethodology used in the 2011 OAC to be a standard bearer for future geodemographicclassifications that use Open Data. As such, care has been taken to ensure themethodology can be used with any dataset to create an optimised, and repeatable,geodemographic classification.
With the guiding principles of the 2011 OAC methodology identified and explained infull, the next stage is to explore the outputs of these processes.
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Chapter 7Creating the 2011 Area Classificationfor Output Areas
7.1. IntroductionThe purpose of this chapter is to outline how the methodology discussed in Chapter 6was implemented in the creation of the 2011 Area Classification for Output Areas (2011OAC). The different procedures used to accomplish this task are explained and anoverview of the main outputs created is provided.
Section 7.2 details the inputs that were used to create the 2011 OAC, and how the processinvolved firstly identifying an initial selection of variables, then secondly utilisingmethods to reduce this number before thirdly, a final variable selection was formalised.Section 7.3 provides an overview of how different rate calculation, transformation andstandardisation techniques were applied to the final variable selection in order toidentify an optimum dataset to use as the basis of the 2011 OAC. The methods used tofinalise the number of clusters to form each of the three tiers of the 2011 OAC hierarchyare also explored.
Section 7.4 explains the two core output categories of the 2011 OAC: descriptive andvisual. The descriptive outputs of cluster names and descriptions are discussed, and thebenefits of different visual outputs are explored. In addition to the core outputs, some ofthe niche components likely to be used by advanced users of the classification are alsodetailed, including the R code used to construct the classification. Finally Section 7.5summarises how the methodology detailed in Chapter 6 was applied to create the 2011OAC, and how from a technical point of view, the creation of the classification was asuccess.
224 Chapter 7 – Creating the 2011 Area Classification for Output Areas
7.2. InputsThe variables used in the construction of the 2011 Area Classification for Output Areas(2011 OAC) were selected solely from the Output Area (OA) and Small Area (SA) leveloutputs from the 2011 UK Census. This section details the implementation of the variableselection methods utilised for the 2011 OAC as discussed in Sections 6.4 to 6.6. This wasa three-stage process which included; the initial selection of the variables; the reductionof this initial selection to a more manageable number of variables; and finally the furtherreduction to a final list of variables for clustering.
7.2.1. Initial Variable SelectionThe initial reduction of the thousands of potential variables available from the 2011 UKCensus Key and Quick Statistics released for England and Wales, Scotland and NorthernIreland was performed manually using the variable selection for the 2001 OAC as a guide(see Section 6.4.1). The 2001 OAC initially considered 94 variables for inclusion. Thesewere selected after Vickers (2006) performed a comparative analysis of the types ofvariables used in previous geodemographic classifications, which were divided into fivecore domains: Demographic, Household Composition, Housing, Socio-Economic andEmployment. By keeping the same five domains for the 2011 OAC a similar selection ofvariables could be made for the 2011 OAC. In total, 167 initial variables were selectedfor the 2011 OAC. Table 7.1 details these 167 variables with each colour representing adifferent domain: Demographic (Red), Household Composition (Blue), Housing (Green),Socio-Economic (Purple) and Employment (Orange).
Table 7.1: The 167 variables initially considered for the 2011 OAC
Code Variable Name STu001 Males 2u002 Females 1u003 Persons living in a household 3u004 Persons living in a communal establishment 2u005 Area size (in hectares) 2u006 Number of persons per hectare 4u007 Persons aged 0 to 4 3u008 Persons aged 5 to 9 3u009 Persons aged 10 to 14 3
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Code Variable Name STu010 Persons aged 15 to 19 1u011 Persons aged 20 to 24 1u012 Persons aged 25 to 29 1u013 Persons aged 30 to 44 1u014 Persons aged 45 to 59 3u015 Persons aged 60 to 64 3u016 Persons aged 65 to 74 3u017 Persons aged 75 to 84 1u018 Persons aged 85 to 89 4u019 Persons aged 90 and over 4u020 Mean age 1u021 Median age 1u022 Persons aged over 16 who are single 1u023 Persons aged over 16 who are married 3u024 Persons aged over 16 who are in a registered same-sex civil partnership 2u025 Persons aged over 16 who are separated 4u026 Persons aged over 16 who are divorced or formerly in a same-sex civil partnershipwhich is now legally dissolved 3u027 Persons aged over 16 who are widowed or a surviving partner from a same-sex civilpartnership 1u028 Persons who are white British and Irish 4u029 Persons who are other white 4u030 Persons who have mixed ethnicity or are from multiple ethnic groups 4u031 Persons who are Asian/Asian British: Indian 2u032 Persons who are Asian/Asian British: Pakistani 2u033 Persons who are Asian/Asian British: Bangladeshi 2u034 Persons who are Asian/Asian British: Chinese 2u035 Persons who are Asian/Asian British: Other 2u036 Persons who are Black/African/Caribbean/Black British 2u037 Persons who are Arab or are from another ethnic group 2u038 Persons who are Christian 3u039 Persons who are from another religion 4u040 Persons who have no religion 3u041 Persons who did not state their religion 3u042 Persons whose country of birth is the United Kingdom 1u043 Persons whose country of birth is Ireland 4u044 Persons whose country of birth is in the old EU (pre 2004 accession countries) 4
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Code Variable Name STu045 Persons whose country of birth is in the new EU (post 2004 accession countries) 2u046 Persons whose country of birth is not the UK, Ireland or EU countries 4u047 Persons whose main language is English or their main language is not English but canspeak English very well 1u048 Persons whose main language is not English but can speak English well 4u049 Persons whose main language is not English and cannot speak English well 4u050 Persons whose main language is not English and cannot speak English 2u051 Households that only contain Persons aged over 16 who are living in a couple: Married 3u052 Households that only contain Persons aged over 16 who are living in a couple:Cohabiting (opposite-sex) 3u053 Households that only contain Persons aged over 16 who are living in a couple: In aregistered same-sex civil partnership or cohabiting (same-sex) 4u054 Households that only contain Persons aged over 16 who are not living in a couple: Single(never married or never registered a same-sex civil partnership) 1u055 Households that only contain Persons aged over 16 who are not living in a couple:Married or in a registered same-sex civil partnership 4u056 Households that only contain Persons aged over 16 who are not living in a couple:Separated (but still legally married or still legally in a same-sex civil partnership) 4u057 Households that only contain Persons aged over 16 who are not living in a couple:Divorced or formerly in a same-sex civil partnership which is now legally dissolved 1u058 Households that only contain Persons aged over 16 who are not living in a couple:Widowed or surviving partner from a same-sex civil partnership 1u059 One person households: Aged 65 and over 3u060 One person households: Other 1u061 One family households: All aged 65 and over 4u062 One family households: Married or same-sex civil partnership couple with no children 3u063 One family households: Married or same-sex civil partnership couple with dependantchildren 3u064 One family households: Married or same-sex civil partnership couple with non-dependant children 4u065 One family households: Cohabiting couple with no children 4u066 One family households: Cohabiting couple with dependant children 4u067 One family households: Cohabiting couple with non-dependant children 2u068 One family households: Lone parent with dependant children 4u069 One family households: Lone parent with non-dependant children 4u070 Other household types: With dependant children 4u071 Other household types: All full-time students 2u072 Other household types: All aged 65 and over 2u073 Other household types: Other 4u074 Households with no adults in employment: With dependant children 4u075 Households with no adults in employment: No dependant children 3u076 Households with lone parent in part-time employment 4u077 Households with lone parent in full-time employment 4u078 Households with lone parent not in employment 4
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Code Variable Name STu079 One person ethnic household 3u080 Household members all have the same ethnic group 3u081 Households with different ethnic groups between the generations only 4u082 Households with different ethnic groups within partnerships (whether or not differentethnic groups between generations) 4u083 Households with any other combination of multiple ethnic groups 4u084 Household spaces with at least one usual resident 2u085 Household spaces with no usual residents 4u086 Households who live in a detached house or bungalow 4u087 Households who live in a semi-detached house or bungalow 3u088 Households who live in a terrace or end-terrace house 4u089 Households who live in a flat 4u090 Households who live in a caravan or other mobile or temporary structure 2u091 Households who own or have shared ownership of property 3u092 Households who are social renting 4u093 Households who are private renting 1u094 Households who are living rent free 4u095 Households who have two or more rooms than required 3u096 Households who have one more room than required 3u097 Households who have the required number of rooms 1u098 Households who have one fewer room than required 4u099 Households who have two fewer or less rooms than required 2u100 Households with up to 0.5 persons per room 1u101 Households with over 0.5 and up to 1.0 persons per room 3u102 Households with over 1.0 and up to 1.5 persons per room 2u103 Households with over 1.5 persons per room 2u104 Day-to-day activities limited a lot or a little Standardised Illness Ratio 1u105 Persons in very good health 2u106 Persons in good health 1u107 Persons in fair health 1u108 Persons in bad health 1u109 Persons in very bad health 4u110 Persons providing unpaid care 3u111 Persons aged over 16 who have no qualifications 1u112 Persons aged over 16 whose highest level of qualification is Level 1, Level 2 orApprenticeship 1u113 Persons aged over 16 whose highest level of qualification is Level 3 qualifications 1
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Code Variable Name STu114 Persons aged over 16 whose highest level of qualification is Level 4 qualifications andabove 1u115 Persons aged over 16 who are schoolchildren or full-time students 1u116 Households with no cars or vans 1u117 Households with 1 car or van 3u118 Households with 2 or more cars or vans 3u119 Persons aged between 16 and 74 who work mainly at or from home 1u120 Persons aged between 16 and 74 who use public transport to get to work 1u121 Persons aged between 16 and 74 who use private transport to get to work 3u122 Persons aged between 16 and 74 who walk, cycle or use an alternative method to get towork 1u123 Persons aged between 16 and 74 who are economically active: Part-time employees 3u124 Persons aged between 16 and 74 who are economically active: Full-time employees 3u125 Persons aged between 16 and 74 who are economically active: Self-employed 3u126 Persons aged between 16 and 74 who are economically active: Unemployed 1u127 Persons aged between 16 and 74 who are economically active: Full-time student 4u128 Persons aged between 16 and 74 who are economically inactive: Retired 3u129 Persons aged between 16 and 74 who are economically inactive: Student (including full-time students) 1u130 Persons aged between 16 and 74 who are economically inactive: Looking after home orfamily 1u131 Persons aged between 16 and 74 who are economically inactive: Long-term sick ordisabled 4u132 Persons aged between 16 and 74 who are economically inactive: Other 4u133 Persons aged between 16 and 24 who are unemployed 4u134 Persons aged between 50 and 74 who are unemployed 4u135 Persons aged between 16 and 74 who have never worked 4u136 Persons aged between 16 and 74 who are long-term unemployed 4u137 Employed persons aged between 16 and 74: Part-time working 15 hours or less 3u138 Employed persons aged between 16 and 74: Part-time working 16 to 30 hours 3u139 Employed persons aged between 16 and 74: Full-time working 31 to 48 hours 3u140 Employed persons aged between 16 and 74: Full-time working 49 or more hours 1u141 Employed persons aged between 16 and 74 industry: Agriculture, forestry and fishing 2u142 Employed persons aged between 16 and 74 industry: Mining and quarrying 2u143 Employed persons aged between 16 and 74 industry: Manufacturing 1u144 Employed persons aged between 16 and 74 industry: Electricity, gas, steam and airconditioning supply 2u145 Employed persons aged between 16 and 74 industry: Water supply; sewerage, wastemanagement and remediation activities 4u146 Employed persons aged between 16 and 74 industry: Construction 3u147 Employed persons aged between 16 and 74 industry: Wholesale and retail trade; repairof motor vehicles and motor cycles 3
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Code Variable Name STu148 Employed persons aged between 16 and 74 industry: Transport and storage 1u149 Employed persons aged between 16 and 74 industry: Accommodation and food serviceactivities 1u150 Employed persons aged between 16 and 74 industry: Information and communication 4u151 Employed persons aged between 16 and 74 industry: Financial and insurance activities 4u152 Employed persons aged between 16 and 74 industry: Real estate activities 4u153 Employed persons aged between 16 and 74 industry: Professional, scientific andtechnical activities 4u154 Employed persons aged between 16 and 74 industry: Administrative and supportservice activities 3u155 Employed persons aged between 16 and 74 industry: Public administration anddefence; compulsory social security 1u156 Employed persons aged between 16 and 74 industry: Education 1u157 Employed persons aged between 16 and 74 industry: Human health and social workactivities 3u158 Employed persons aged between 16 and 74 industry: Other industry 1u159 Employed persons aged between 16 and 74 occupation: Managers, directors and seniorofficials 3u160 Employed persons aged between 16 and 74 occupation: Professional occupations 3u161 Employed persons aged between 16 and 74 occupation: Associate professional andtechnical occupations 3u162 Employed persons aged between 16 and 74 occupation: Administrative and secretarialoccupations 3u163 Employed persons aged between 16 and 74 occupation: Skilled trades occupations 3u164 Employed persons aged between 16 and 74 occupation: Caring, leisure and otherservice occupations 3u165 Employed persons aged between 16 and 74 occupation: Sales and customer serviceoccupations 3u166 Employed persons aged between 16 and 74 occupation: Process, plant and machineoperatives 3u167 Employed persons aged between 16 and 74 occupation: Elementary occupations 3
Consideration of a higher number of initial variables for the 2011 OAC in comparison tothe 2001 OAC allowed for the inclusion of new outputs from the 2011 UK Census and forthe assessment of variables discarded by other geodemographic classifications. Inaddition, this more extensive selection of initial variables facilitated in addressingconcerns raised in the 2011 OAC user engagement (see Section 4.3.2) that the distinctionbetween certain areas of the UK was poor in the 2001 OAC. Testing a greater number ofinitial variables allowed for greater potential to select those which offered the bestdifferentiation between areas across the UK.
The 167 variables selected were all initially used in their raw form with the exception ofu104 (‘Day-to-day activities limited a lot or a little Standardised Illness Ratio’). At smallerlevel geographies, such as OAs or SAs, the use of raw counts or percentages of those whosuffer from some form of limiting long term illness is considered unsatisfactory (Vickers
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et al., 2005). The age structure of an area can have a significant impact on illness rates.Areas which contain a high concentration of older individuals are more susceptible tohaving higher illness rates than an area containing a high proportion of younger people.The larger the spatial unit, the more difficult it becomes to distinguish betweenpopulation attributes, therefore the smaller nature of OAs and SAs make it easier toidentify areas dominated by older individuals. It is therefore necessary to standardiseillness rates to negate the impact of age structure in each area.
The indirect Standardised Illness Ratio (SIR) method was used by Vickers (2006) in thecreation of the 2001 OAC, and works by comparing the observed illness count of an areawith the expected value. This comparison is usually performed for multiple age bands,such as ‘0 to 4’, ‘5 to 9’ and so on. The expected count is derived from illness rates of thedifferent age bands across the country. These respective values are then combinedacross all age brackets so both the total number of those actually ill and those expectedto be ill is known for each area. This allows the SIR to be calculated using:
SIRi = 100 * (Ii/Σa ran Pai) (7.1)
Where Ii equals observed count of ill people in area i, ran equals rate of illness for agegroup a in the national population and Pai equals population in area i of age group a. TheSIR is relative measure, with an illness rate of 100 being the only constant across the UK.A value of 75 equates to an OA experiencing 25% less illness compared to the nationalaverage, and a value of 125 equating to 25% more. Across the UK values ranged from448.2 to 0. Areas with SIRs below 70 were considered to be the healthiest and those withSIRs above 130, the least healthy (Vickers et al., 2005).
The data available from the 2011 UK Census on the day-to-day activities of thepopulation being limited a lot or a little was provided only as a total for each OA, or thetotal for those aged between 16 and 64. It was therefore not possible to perform anycomparison between multiple age bands making it necessary to adapt the SIR method.Two different age bands were used in the construction of the SIR for the 2011 OAC: ‘Aged0 to 15 and 65 and over’; and ‘Aged 16 to 64’. Although this offered a more crudeapproximation of the healthiness for each OA, the implications of using this measure overthe use of a more comprehensive dataset were limited. The age bands used allowed OAswith higher ageing populations to be identified and accounted for.
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7.2.2. Reducing Initial Variable SelectionPrior to reduction of the initial variable selection, it was necessary to prepare thevariables via rate calculation, transformation and standardisation techniques (seeSection 6.5). This created multiple datasets, which were each individually tested toascertain which variables to remove. The variables were then reduced using fourprocedures: Pearson's r correlation analysis, within-cluster sum of squares (WCSS)analysis, skewness and the geographic distribution of the variables (see Section 6.6 fordetailed explanations of these techniques).
The quantitative nature of the correlation, WCSS and skewness methods providedempirical evidence as to which variables should be kept, merged or removed. Thecorrelation analysis classed values above +0.6 and less than -0.6 as being significant.Whilst no clear thresholds can be used for WCSS analysis, variables can be clearlyidentified using the technique that have an adverse impact on homogeneity of the finalclusters. Performing WCSS analysis on each of the datasets created allowed for variablesthat repeatedly had a negative impact on cluster homogeneity to be identified.
In contrast, the geographic distribution of the variables in 25 urban locations across theUK provided a more qualitative perspective. Although empirically derived, the relativemerits of the geographic distribution of each variable are open to interpretation.
7.2.2.1. Correlation analysisAs discussed in Section 6.6.1, highly correlated variables are not desirable in anygeodemographic classification due to the creation of redundancy within the dataset (Ojoet al., 2012). Figure 7.1 is an example correlation matrix of all the 167 variables displayedin Table 7.1 (ordered from 1 to 167), showing where this redundancy existed within thedataset. The same analysis was performed on each of the 27 datasets, and commonhighly correlated variables identified. Figure 7.1 indicates that the level of correlationthat exists between variables in the dataset differs significantly. Instances of correlationrange from high inter-variable correlation to variables demonstrating almost norelationship with any other in the dataset. For the purposes of data reduction, thevariables of importance are those which indicate significant correlation (values above+0.6 and less than -0.6). These instances are shown in Figure 7.2, an example correlationmatrix for one of the 27 datasets of variables which only exhibit significant correlation.
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Figure 7.2 reveals a sporadic distribution of positively and negatively inter-correlatedvariables. Certain variables are correlated with several others, while in other instancesa variable will only correlate with one or two in the dataset. The utilisation of correlationanalysis to reduce the size of the dataset requires an understanding of the different typesof relationships that exist between the variables. The patterns of correlation seen inFigure 7.2 were also found while performing similar analysis in the reduction of theinitial variable selection for the 2001 OAC. Vickers (2006) noted that three differenttypes of correlation existed. The first are variables which share the same denominator,therefore an individual can only be allocated to one variable. This results in strongnegative correlations between these types of variables, which will be perfect (-1) if onlytwo are present. In these instances, variables can be removed whilst maintaining theability to differentiate. For example by retaining the ‘Male’ variable and removing
Figure 7.1: Correlation matrix of the 2011 OAC's 167 initially selected variables(Ordered from variable u001 to u167 - see Table 7.1 for variable names)
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‘Female’, you do not lose the ability to identify areas where there are high concentrationsof females as these will be in locations where the male concentrations are low.
The second type of correlation identified by Vickers (2006) are where variables areinherently connected due to causality. These are instances where variables are based ona common theme, but do not have the same denominator. This is prevalent in the 2011UK Census. For example, it is possible for variables on housing to be released at theindividual or household level. The use of a different denominator does not stop thembeing related, and while the relationship between these types of variables will vary on acase-by-case basis, it is likely that a strong link will exist.
Figure 7.2: Significant correlation matrix of the 2011 OAC's 167 initially selectedvariables(See Table 7.1 for variable names)
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The third type of correlation is found between variables “where the presence of one[variable] indicates the presence or absence of another, but does not fundamentallycause it to be so” (Vickers et al., 2005, p. 9). An example of this type of relationship, seenin Figure 7.2, is between persons born outside of the European Union and persons whoare not Christian, where a strong positive correlation between these two variables exists.As such, it makes it likely that an individual would respond either ‘yes’ or ‘no’ to bothquestions, despite this not having to be the case.
Vickers et al. (2005) described this third type of correlation as the most interesting, asthese relationships between variables are not preordained and the inclusion of suchvariables can enhance the predictive and descriptive power of a classification. Despitethis potential, the removal of highly correlated variables from the 2011 OAC, either byremoving them completely or merging them to create composite variables, was key inthe creation of a final dataset. This reduced data redundancy and avoided giving certainvariables too much prominence within the final classification.
7.2.2.2. Within-cluster sum of squares analysisThe within-cluster sum of square analysis (WCSS) technique discussed in Section 6.6.3was used to identify badly performing variables from the 167 initially selected. Figure7.3 is an example output of WCSS analysis using the ‘Percentages, Inverse HyperbolicSine, Range’ dataset. Several variables can be identified as having adverse impacts on thecluster analysis, but ‘households who live in a flat’ can be highlighted as having a notablynegative impact on the cluster analysis. The same analysis was performed on each of the27 unique ‘rate calculated, transformed and standardised’ datasets. At this stage in thecreation of the 2011 OAC it was not known which combination of these procedureswould be used on the dataset for clustering. Therefore, it would not have beenappropriate to base variable selection on WCSS analysis performed on a single datasetalone.
The WCSS analysis performed on each of the 27 datasets revealed the worst performingvariables. The ten variables from each dataset that had the greatest negative impact oncluster homogeneity were identified. This revealed that variables from certain domainswere more likely to have a negative impact on cluster homogeneity than others. The‘Housing’ domain for example had on average 8.8% of its variables from each datasetidentified as being in the top ten worst performers, compared to 6.5% in the ‘Housing
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Composition’ domain, 6.2% in the ‘Demographic’ domain, 5.3% in the ‘Employment’domain and 2.8% from the ‘Socio-Economic’ domain.
The greater propensity for variables from the ‘Housing’ and ‘Housing Composition’domains to perform badly is also seen when looking at which variables repeatedly hadthe greatest negative impact on cluster homogeneity. The total number of times avariable was identified as being in the top ten worst performers for each dataset wascalculated, with Table 7.2 highlighting the eleven individual variables considered to bethe worst performing. The variable ‘persons living in a communal establishment’ wasidentified as the worst potential variable for the 2011 OAC, as it was in the top ten worstperforming variables in 10 of the 27 datasets. The domains represented by the elevenworst performing variables were however mixed. An indication that individual variables,no matter which domain they are assigned to, could still have a negative impact onoverall cluster homogeneity.
Figure 7.3: Missing variables WCSS values for the 2011 OAC's 167 initially selectedvariables(Ordered from variable u001 to u167 - see Table 7.1 for variable names)
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Table 7.2: The eleven worst performing variables using the WCSS analysis techniqueacross the 27 uniquely converted, transformed and standardised datasets
The reason for the bad performance of these variables is likely to be a result of thegeographic variation in the interactions they have with other variables. The ‘personsliving in a communal establishment’ can be explained by the variations in the areaswhere communal establishments are found. They can be found in both areas ofdeprivation and affluence across the UK. The characteristics of the people that live in thistype of housing are therefore not consistent, which has an adverse impact on theclustering process. As a clustering algorithm looks for patterns in the data, any variablethat has a diverse relationship with other variables across geographic space createsmore heterogeneous clusters in order to accommodate this variation.
Code Variable Name Variable Domain Occurrences
u004 Persons living in a communal establishment Demographic 10
u067 One family households: Cohabiting couplewith non-dependant children HouseholdComposition 8
u090 Households who live in a caravan or othermobile or temporary structure Housing 8
u144 Employed persons aged between 16 and 74industry: Electricity, gas, steam and airconditioning supply Employment 8u072 Other household types: All aged 65 and over HouseholdComposition 7
u094 Households who are living rent free Housing 6
u003 Persons living in a household Demographic 5
u024 Persons aged over 16 who are in a registeredsame-sex civil partnership Demographic 5
u033 Persons who are Asian/Asian British:Bangladeshi Demographic 5
u041 Persons who did not state their religion Demographic 5
u145 Employed persons aged between 16 and 74industry: Water supply; sewerage, wastemanagement and remediation activities Employment 5
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Interpreting the WCSS analysis to aid the reduction of variables did not automaticallymean removing those that performed badly. As shown in Sections 6.8.6 and 6.8.7, theWCSS value can be used to aid the formation of an optimum clustering outcome, albeitinfluenced by the geographical extent of the data. As such, the variables identified inFigure 7.3 and Table 7.2 as performing badly reflect only the entire UK dataset. Certainvariables are universal in how they describe an area (such as those relating to age), whileothers less so. A high concentration of a particular housing type in an affluent area forexample means something different to similar concentrations in more deprived areas.These types of variations are required for a geodemographic classification to createunique clusters. The WCSS analysis does however, suggest that a variable can have toomuch variation, to the extent where cluster homogeneity is impacted. A decisiontherefore needs to be made between retention of the differentiation power offered by avariable and producing the most homogeneous clusters possible. Either option can bejustified within the wider context of creating an optimum 2011 OAC, although it meansthat optimum cannot refer to both cluster composition and variable differentiation. Assuch, each variable not considered suitable from a WCSS perspective was either excludedor retained from the 2011 OAC final selection on a variable-by-variable basis.
7.2.2.3. Skewed variablesThe skewness of individual variables differs greatly. An example of this is shown withthe 167 variables from the ‘Percentages, Inverse Hyperbolic Sine, Range’ dataset shownin Figure C.1 in Appendix C. The distributions of individual variables range from highlynegatively skewed to highly positively skewed; certain variables have a more normaldistribution, and others are bimodal. Although the variation is great, some patterns canbe seen between variables that belong to the different domains. A large number ofvariables in the ‘Demographic’ domain are highly skewed, both positively and negatively.This would suggest that certain variables are likely to be dispersed across the UK, suchas ‘persons who live in a household’, while others are more likely to be concentrated insmaller geographical areas, such as ‘persons who are Asian/Asian British: Bangladeshi’.Some variables, such as ‘persons who have mixed ethnicity or are from multiple ethnicgroups’ have bimodal distributions, suggesting individuals who have mixed ethnicity orare from multiple ethnic groups are present in both high and low concentrations acrossdifferent areas of the UK.
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Variables in the ‘Socio-Economic’ domain appear to be more normally distributed,suggesting that the majority of variables in this domain are commonplace across the UKand distributed fairly evenly across all areas. An exception to this is the ‘households withone car or van’ variable, which has a strong negative distribution. The distribution ofvariables in the ‘Housing’ domain are more mixed, with some, such as ‘households whoare private renting’, having an almost normal distribution, while others like ‘householdswho own or have shared ownership of property’ having a negative distribution. Thiswould suggest that certain housing indicators are distributed fairly evenly across all ofthe UK, while others are more likely to be found in smaller geographical areas. Themajority of variables in the ‘Household Composition’ domain appear to contain bimodaldistributions, suggesting the prevalence of certain variables to have both high and lowconcentrations across different areas of the UK. Finally, variables in the ‘Employment’domain either have a slight negative or positive skew, suggesting that most industries donot have an excessive high or low number of employees per OA or SA across the UK.
Based on the skewed nature of the distribution of the 167 variables across the 27datasets, each variable can be categorised into one of four groups:1. Normal distribution. Variables are likely to be commonplace across the UK andbe distributed fairly evenly across all areas. Variables described by this categorywill either have a perfect normal distribution, or a marginal positive or negativeskew. 42 in total.2. Positive distribution. Variables are more likely to be found in higherconcentrations in a limited number of areas across the UK. Other areas in the UKthat contain these variables are likely to be fewer in number and contain smallerconcentrations. 25 in total.3. Negative distribution. Variables are more likely to be found in lowerconcentrations in a large number of areas across the UK. Other areas in the UKthat contain these variables are likely to be fewer in number, but contain largerconcentrations. 49 in total.4. Bimodal distribution. Variables that are found both in either high or lowconcentrations across a limited number of areas in the UK and also have adistribution that closer reflects normality (and therefore considered morecommonplace) across other parts of the country. 51 in total.
The column ‘ST’ (Skewness Type) in Table 7.1 details the group to which each variablebelongs. As discussed in Section 6.6.4, highly skewed variables were kept in the dataset.
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These variables show the absence or dominance of a variable in an area and have thepotential to indicate significant traits, allowing for differentiation between areas.
7.2.2.4. Geographic distribution of population
characteristicsAs discussed in Section 6.6.5, the inclusion of variables that did not have uniformgeographic distribution was desirable for the 2011 OAC. The distribution of the 167variables initially selected for inclusion in the 2011 OAC were analysed across 25 townsand cities in the UK. The list of the towns and cities used is shown in Section C.2 inAppendix C. An example of this analysis showed the ‘households who live in a terrace orend-terrace house’ variable ranged from representing 49% of the population in Kingstonupon Hull to 12% in Glasgow. A non-uniform geographic distribution was also prevalentacross other variables; 23 variables had a range of over 20% between their highest andlowest concentrations in the 25 locations analysed, while 49 variables had a range ofover 10%.
The largest percentage of the population represented by the variable, ‘persons who areAsian/Asian British: Bangladeshi’, was 3% in Birmingham, with the lowest being inBelfast and Plymouth at 0.1%, a range of 2.9%. This range is comparatively small whencomparing it with the Indian and Pakistani equivalents of the variable, 28% and 20%respectively. The removal of variables that have such a small range, and therefore limiteddifferentiation across the UK, would appear to be beneficial for the 2011 OAC. Retentionof the Indian and Pakistani variables and exclusion of the Bangladeshi variable would,however be an over simplification of the respective merits of the individual variables. Incertain cases, the limited differentiation offered is a result of the variable representingonly a small percentage of the overall population of the UK.
Interpreting a variable based on its concentration in urban areas is inevitably influencedby the chosen geography. A city such as Birmingham consists of 3,223 OAs, and thisrelatively large area can hide many small area variations. For example, looking atBirmingham as a whole, it is not possible to determine whether the 3% of persons whoidentify themselves as Bangladeshi are concentrated to a small number of OAs, or aredispersed across the entire city. This can be calculated if alternative geographies wereused, such as Wards, but this would make the resulting outputs too complicated tointerpret from a variable reduction perspective. Variables with these types of
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distribution characteristics therefore required consideration on an individual basis forthe 2011 OAC. A variable which represents a small proportion of the population and isfound in concentrated locations suggests that it is an important characteristic of thatarea. Conversely, the importance of a variable diminishes if it is dispersed across a widergeographic area.
7.2.3. Final Variable selectionThe techniques used to aid variable reduction and the interpretation of the results ofthese processes, as discussed in Section 7.2.2, led to the formulation of a final list ofvariables for the 2011 OAC. From the 167 variables initially selected: 84 were removed;40 were retained in their original form; and 43 were merged, creating 20 compositevariables. The resulting 60 variables were used to create the 2011 OAC. This is 46% morevariables than that were used in the 2001 OAC, reflecting the greater range of outputsprovided by the 2011 UK Census. A full list of the 60 variables shown in Table 7.3 with abreakdown of the domains and subdomains totals shown in Table 7.4.
Table 7.3: The 60 variables selected to create the 2011 OAC
Code Variable Name Domain Subdomaink001 Persons aged 0 to 4 Demographic Population Age
k002 Persons aged 5 to 14 Demographic Population Age
k003 Persons aged 25 to 44 Demographic Population Age
k004 Persons aged 45 to 64 Demographic Population Age
k005 Persons aged 65 to 89 Demographic Population Age
k006 Persons aged 90 and over Demographic Population Age
k007 Number of persons per hectare Demographic Population Structure
k008 Persons living in a communal establishment Demographic Population Structure
k009 Persons aged over 16 who are single Demographic Marital and CivilPartnership Statusk010 Persons aged over 16 who are married or in aregistered same-sex civil partnership Demographic Marital and CivilPartnership Statusk011 Persons aged over 16 who are divorced or separated Demographic Marital and CivilPartnership Statusk012 Persons who are white Demographic Ethnicity
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Code Variable Name Domain Subdomaink013 Persons who have mixed ethnicity or are frommultiple ethnic groups Demographic Ethnicityk014 Persons who are Asian/Asian British: Indian Demographic Ethnicity
k015 Persons who are Asian/Asian British: Pakistani Demographic Ethnicity
k016 Persons who are Asian/Asian British: Bangladeshi Demographic Ethnicity
k017 Persons who are Asian/Asian British: Chinese andOther Demographic Ethnicityk018 Persons who are Black/African/Caribbean/BlackBritish Demographic Ethnicityk019 Persons who are Arab or from other ethnic groups Demographic Ethnicity
k020 Persons whose country of birth is the UnitedKingdom or Ireland Demographic Region of Birthk021 Persons whose country of birth is in the old EU (pre2004 accession countries) Demographic Region of Birthk022 Persons whose country of birth is in the new EU(post 2004 accession countries) Demographic Region of Birthk023 Persons whose main language is not English andcannot speak English well or at all Demographic Proficiency in Englishk024 Households with no children HouseholdComposition Household Typek025 Households with non-dependant children HouseholdComposition Household Typek026 Households with full-time students HouseholdComposition Household Typek027 Households who live in a detached house orbungalow Housing Housing Typek028 Households who live in a semi-detached house orbungalow Housing Housing Typek029 Households who live in a terrace or end-terracehouse Housing Housing Typek030 Households who live in a flat Housing Housing Type
k031 Households who own or have shared ownership ofproperty Housing Housing Ownershipk032 Households who are social renting Housing Housing Ownership
k033 Households who are private renting Housing Housing Ownership
k034 Households who have one fewer or less rooms thanrequired Housing Housing Crowdingk035 Individuals day-to-day activities limited a lot or alittle (Standardised Illness Ratio) Socio-Economic Population Healthand Carek036 Persons providing unpaid care Socio-Economic Population Healthand Carek037 Persons aged over 16 whose highest level ofqualification is Level 1, Level 2 or Apprenticeship Socio-Economic Population Education
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Code Variable Name Domain Subdomaink038 Persons aged over 16 whose highest level ofqualification is Level 3 qualifications Socio-Economic Population Educationk039 Persons aged over 16 whose highest level ofqualification is Level 4 qualifications and above Socio-Economic Population Educationk040 Persons aged over 16 who are schoolchildren or full-time students Socio-Economic Population Educationk041 Households with two or more cars or vans Socio-Economic Vehicle Availabilityk042 Persons aged between 16 and 74 who use publictransport to get to work Socio-Economic Travel-to-Workk043 Persons aged between 16 and 74 who use privatetransport to get to work Socio-Economic Travel-to-Workk044 Persons aged between 16 and 74 who walk, cycle oruse an alternative method to get to work Socio-Economic Travel-to-Workk045 Persons aged between 16 and 74 who areunemployed Employment PopulationEmploymentk046 Employed persons aged between 16 and 74 whowork part-time Employment Employment Hoursk047 Employed persons aged between 16 and 74 whowork full-time Employment Employment Hoursk048 Employed persons aged between 16 and 74 whowork in the agriculture, forestry or fishing industries Employment Industry Sectork049 Employed persons aged between 16 and 74 whowork in the mining, quarrying or constructionindustries Employment Industry Sectork050 Employed persons aged between 16 and 74 whowork in the manufacturing industry Employment Industry Sectork051 Employed persons aged between 16 and 74 whowork in the energy, water or air conditioning supplyindustries Employment Industry Sectork052 Employed persons aged between 16 and 74 whowork in the wholesale and retail trade; repair ofmotor vehicles and motor cycles industries Employment Industry Sectork053 Employed persons aged between 16 and 74 whowork in the transport or storage industries Employment Industry Sectork054 Employed persons aged between 16 and 74 whowork in the accommodation or food service activitiesindustries Employment Industry Sector
k055 Employed persons aged between 16 and 74 whowork in the information and communication orprofessional, scientific and technical activitiesindustries Employment Industry Sectork056 Employed persons aged between 16 and 74 whowork in the financial, insurance or real estateindustries Employment Industry Sectork057 Employed persons aged between 16 and 74 whowork in the administrative or support serviceactivities industries Employment Industry Sectork058 Employed persons aged between 16 and 74 whowork in the in public administration or defence;compulsory social security industries Employment Industry Sectork059 Employed persons aged between 16 and 74 whowork in the education sector Employment Industry Sectork060 Employed persons aged between 16 and 74 whowork in the human health and social work activitiesindustries Employment Industry Sector
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Table 7.4: The number of 2011 OAC variables assigned to the classification domainsand subdomains
Domain Subdomain VariablesDemographic Population Age 6Demographic Population Structure 2Demographic Marital and Civil Partnership Status 3Demographic Ethnicity 8Demographic Region of Birth 3Demographic Proficiency in English 1Household Composition Household Type 3Housing Housing Type 4Housing Housing Ownership 3Housing Housing Crowding 1Socio-Economic Population Health and Care 2Socio-Economic Population Education 4Socio-Economic Vehicle Availability 1Socio-Economic Travel-to-Work 3Employment Population Employment 1Employment Employment Hours 2Employment Industry Sector 13
The concluding decisions that were made to reduce the 167 initial variables to the final60 are explained fully in Table C.1 in Appendix C. Although each variable was consideredindividually, the actions taken to reduce the number of variables are summarised intoten-fold rationale:1. Variables retained without modification2. Variables merged to reduce high inter-correlation3. Variables merged to reduce skewness in the composite variable created4. Variables merged to improve geographic variation5. Variables merged for another reason6. Variables removed due to high inter-correlation7. Variables removed due to being identified as behaving badly by WCSS analysis8. Variables removed due to their skewed distribution9. Variables removed due to poor geographic variation10. Variables removed for another reason
In certain instances, multiple rationale were applied to the same variable; for example,where a variable was merged with another due to both high inter-correlation and toprovide a better geographic representation across the UK. Table 7.5 is a breakdown ofhow these rationales were applied to the 167 variables (the bullet point numberscorrespond to the table numbering). The actions performed on the majority of variables
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were done so for a single rationale, although 9 variables were merged and 30 variablesremoved for multiple rationales. The primary rationale for the removal or merging ofvariables was inter-correlation. Removing a variable in these circumstances reduced theredundancy within the dataset and had no significant impact on the discriminatorypower of the classification. In other cases where variables were merged, such as thoserelating to age, inter-correlation within the dataset was reduced and allowed forflexibility in the range of the output produced for a particular. This flexibility allowed forretention of distinctions between children (such as pre and post school age), whilst agecategories over 65 were split into only two categories; above and below 90 years old.Detailed breakdowns of the population post-retirement age were considered less vital indifferentiating different population cohorts across the UK. However, a variable for thoseaged over 90 was included in the 2011 OAC, as England and Wales can be considered tohave an ageing population (ONS, 2012n).
Table 7.5: Reasons for 2011 OAC variable reduction (numbers correspond tonumbered bullet points on page 243)
1 2 3 4 5 6 7 8 9 10
1 41
2 - 9
3 - 5 1
4 - - 2 5
5 - 2 - - 16
6 - - - - - 31
7 - - - - - - -
8 - - - - - 3 - -
9 - - - - - 6 3 2 8
10 - - - - - 13 1 1 - 17
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The retention of variables that were either highly skewed, had limited geographicvariation or represented only a small proportion of the population were only kept if thatparticular variable was considered important to the 2011 OAC (as described in TableC.1). In certain cases, highly skewed variables were merged in an attempt to reduce theskewness, which in turn increased the proportion of the population represented. Incertain cases it was considered inappropriate to remove variables, even if they werehighly correlated, skewed or performed badly in the WCSS analysis, due to their overallimportance to the 2011 OAC. Although the desired outcome of the clustering process isto produce the most homogenous clusters possible, this could not be done at the expenseof variables key to describing the characteristics of an area. For example, removal of themajority of the housing variables would have resulted in limited indicators of thephysical environment of an area.
As a greater importance was placed on the capacity for the retained variables todifferentiate between different areas, the 60 variables retained an element of inter-correlation, as shown in Figure 7.4. The amount of significant inter-correlation found inthe 60 variables, shown in Figure 7.5, does mean that redundancy remains within the2011 OAC dataset, albeit at a more acceptable level when compared to that shown inFigure 7.2.
The importance of the capacity for the variables to differentiate between different areasalso affected the removal of those with highly skewed distributions. Figure 7.6 shows themean skewness value for each variable calculated from the 27 datasets created from thedifferent rate calculation, transformation and standardisation methods. This indicatesthat many of the 60 variables selected retained highly skewed distributions, with only30 variables demonstrating skewness values between -1 and 1. Variables that had largerskewness values were kept if they had a greater capacity for area differentiation. Forexample, the variable k058 (‘persons who work in the in public administration ordefence; compulsory social security industries’), with a skewness value of 8.7, wasretained to provide greater variation in the types of industry in the UK. Removal ormerging of the variable would have resulted in a more generic representation in the2011 OAC of the types of industry individuals are employed in. The benefits of retainingvariables with a higher inter-correlation and with highly skewed distributions wasconsidered greater than the negative impact of their inclusion on the clustering process.
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Figure 7.4: Correlation matrix of the 2011 OAC's 60 final selected variables(See Table 7.3 for variable names)
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Figure 7.5: Significant correlation matrix of the 2011 OAC's 60 final selectedvariables(See Table 7.3 for variable names)
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Figure 7.6: The Mean Skewness of the 27 datasets created from the rate calculation, transformation and standardisation techniques(See Table 7.3 for variable names)
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Variables with limited geographic variation, however, would have had a greater negativeimpact with their inclusion in the clustering process than in their retention. Figure 7.7shows the maximum difference between 25 towns and cities in the UK (see Section C.2)with the lowest and highest concentrations for each of the final 60 variables. As k007(number of people per hectare) and k035 (day-to-day activities limited a lot or a littlestandardised illness ratio) are expressed as ratios, they cannot be directly comparedwith the other 58 variables expressed as percentages. 44 variables have a range of over5% between their lowest and highest concentrations and 30 have a range of over 10%.Two variables with notable geographic variation are k012 (persons who are white) andk030 (households who live in flats). It is this level of variation in the geographicdistribution of variables that allows clustering algorithms to function and identify uniquegroupings.
For the purposes of selecting the final variables for the 2011 OAC, geographicdistribution was considered to be less important than correlation, WCSS and skewnessanalysis. These techniques provided a greater insight into the non-spatial aspects of eachvariable and it was considered more important to remove badly performing variablesidentified using these methods due to the greater negative impact they would have hadon the final classification. As such, a variable with good geographic variation was unlikelyto be retained if it had high correlation or skewness. Although all of these techniquescontributed towards the final selection, if a variable was considered to be importantenough to the classification then it was accommodated in the final variable selection.
The final 60 variables selected for the 2011 OAC cannot be considered to be perfect. Thevariation in the population across the UK is too great for any selection of variables toconform perfectly to any statistical measure. A balance was therefore struck betweenselecting characteristics which most accurately represent the population of the UK,whilst conforming to the best practices of geodemographic classifications.
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Figure 7.7: Maximum difference in variable distribution between 25 urban areas in the UK(See Table 7.3 for variable names)
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Additionally, the final selection of variables is also a reflection of the subjective choicesmade by those creating the 2011 OAC. The choices made include: those made during theinitial selection of the 167 variables; the selection of the methods used to aid reduction;and decisions regarding which variables should be retained based on their importanceto the final classification. These choices will have had a significant influence on the finalclassification. However, by fully documenting the processes involved, users are able tounderstand the reasons behind every decision. Due to the subjectivity of decision-making at certain points, it is highly likely that a different creator of the classificationwould have selected different variables. However, the ‘core’ components; such as age,ethnicity, employment status along with variables that relate to the physicalcharacteristics of an area (i.e. housing) are likely to have remained.
7.3. ProcessesThis section details the processes undertaken to create the 2011 OAC from the selected60 variables. Firstly, an optimum dataset for clustering was selected from the 27 createdby the different permutations of the rate calculation, transformation and standardisationtechniques described in Section 6.5. Secondly, an optimum number of clusters wereidentified to form the top level of the classifications hierarchy – the Supergroups.
The selection of the optimum dataset and the number of clusters used in the creation ofthe Supergroups led to the creation of the lower tiers in the classifications hierarchy. Asdiscussed in Section 6.8.3, the use of the k-means clustering algorithm in the 2011 OAC,produced a three tiered top-down classification, where the Supergroups (top tier) wereused to form the Groups (middle tier), and these in turn were used to create theSubgroups (bottom tier).
7.3.1. Identifying optimum dataset and cluster numbersTo achieve the optimum clustering solution for the 2011 OAC, the ‘best’ dataset and ‘best’number of clusters were identified. The optimum dataset was selected based on theperformance of each dataset when clustered in terms of the composition, size andgeographic distribution of each group. As discussed in Section 6.8.4, the total number ofSupergroups was selected from only 5 to 9 cluster solutions.
252 Chapter 7 – Creating the 2011 Area Classification for Output Areas
7.3.1.1. Optimum datasetEach cluster solution was subsequently applied to each dataset, creating 135 uniquelyclustered datasets (five cluster solutions for each of the 27 unique datasets). Thesuitability of each dataset and cluster solution was then initially assessed in terms of thecomposition, size and geographic distribution of the groups. Histograms shown in FigureC.2 in Appendix C were used initially to explore the degree to which the datasets werenormally distributed. However, three rationales in total were ultimately used to reducethe number of datasets from 27 to 4:
1. Datasets that had skewness values above 1 or less than -12. Datasets that led to the creation of ‘micro clusters’ (where the smallest cluster(s)only accounted for a small percentage of the population)3. Datasets that led to the creation of clusters that offered little differentiationpower across the UK with low levels of cluster homogeneity
Datasets demonstrating at least one of these traits were considered undesirable andwere removed from consideration. This permitted performance of a more in-depthanalysis on datasets which were considered better suited to creating the 2011 OAC, suchas looking at the geographical distribution of the clusters. The results of the datasetreduction are shown in Table 7.6. In total, 12 datasets were removed from considerationbecause their skewness was above the threshold values. Datasets which created microclusters totalled seven, although it should be noted that this value was conditional to thesubjectivity of when a cluster could be considered as ‘micro’. Decisions were made basedon the size of the smallest cluster in relation to the others created. A clustering solutionwhich produced multiple smaller clusters was not immediately considered asundesirable. This implies that the groupings found by the k-means clustering algorithmreflect distinct variation in the population. A clustering solution which produced equallysized clusters with one micro cluster was considered as undesirable. The micro clusterwas likely to be an artefact of the division of the dataset into n clusters by the k-meansalgorithm, rather than the identification of distinct groupings within the data. Finally,four datasets were removed because the clusters created offered little differentiationpower across the UK. Figure 7.8 provides an example cluster profile created from the‘Mean Difference, Box-Cox, Range’ dataset. The red line represents the national average,and the blue line represents how each variable varies in that particular cluster away fromthis. Where a variable is close to the national average, demonstrates very limiteddifferentiation power of a cluster. Cluster solutions which were predominately formed
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of clusters like these were undesirable and were therefore not used in the constructionof the 2011 OAC.
Table 7.6: The 27 datasets considered to create the 2011 OAC (Dataset removalreasons correspond to numbered bullet points on page 252)
Dataset
Number Data Modification Skew
Mean SED
value for 6 to
8 Clusters
Dataset
Removal
Reason1 Percentages, Box-Cox, Z-Scores 0.22 42.52 22 Percentages, Box-Cox, Range 0.39 1.40 Kept3 Percentages, Box-Cox, Inter-Decile Range 0.31 7.01 24 Percentages, Log, Z-Scores -0.38 50.46 25 Percentages, Log, Range -0.20 0.94 Kept6 Percentages, Log, Inter-Decile Range 0.13 10.60 37 Percentages, Inverse Hyperbolic Sine,Z-Scores -0.60 48.68 28 Percentages, Inverse Hyperbolic Sine,Range -0.36 0.98 Kept9 Percentages, Inverse Hyperbolic Sine,Inter-Decile Range -0.26 10.77 210 Index Scores, Box-Cox, Z-Scores 0.63 52.25 211 Index Scores, Box-Cox, Range 0.34 0.49 Kept12 Index Scores, Box-Cox, Inter-Decile Range 0.67 10.11 213 Index Scores, Log, Z-Scores -3.01 79.07 114 Index Scores, Log, Range -1.56 1.63 115 Index Scores, Log, Inter-Decile Range -5.76 63.76 116 Index Scores, Inverse Hyperbolic Sine,Z-Scores -3.17 80.21 117 Index Scores, Inverse Hyperbolic Sine,Range -1.59 1.63 118 Index Scores, Inverse Hyperbolic Sine,Inter-Decile Range -6.02 69.02 119 Mean Difference, Box-Cox, Z-Scores 4.27 269.96 120 Mean Difference, Box-Cox, Range 0.11 0.05 321 Mean Difference, Box-Cox,Inter-Decile Range 80.08 1432.30 122 Mean Difference, Log, Z-Scores 5.04 345.24 123 Mean Difference, Log, Range 0.15 0.05 324 Mean Difference, Log, Inter-Decile Range 104.76 2303.92 125 Mean Difference, Inverse Hyperbolic Sine,Z-Scores 5.20 348.67 126 Mean Difference, Inverse Hyperbolic Sine,Range 0.15 0.05 327 Mean Difference, Inverse Hyperbolic Sine,Inter-Decile Range 107.63 2408.57 1
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The mean squared Euclidean distance (SED) values for each clustering solution, asshown in Table 7.6, were not utilised for the removal of datasets for consideration.Although the values reflect the average homogeneity of each clustering solution to beidentified, they do not provide any insight into whether more homogenous clustersultimately create a general purpose classification that ‘looks right’ (Mandelbrot, 1982b).It would therefore have been inappropriate to justify the use or removal of a datasetbased on the mean SED values alone; particularly as the 2011 OAC Supergroup levelrequires a certain level of generality to fit all of the characteristics of the UK’s populationinto a small number of groups. The SED value was therefore utilised in the final selectionof datasets when the other measures, such as geographic distribution and clustercomposition, provided limited distinguishing factors.
Figure 7.8: Radial plot of a cluster created with the Mean Difference, Box-Cox,Range dataset(See Table 7.3 for variable names)
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7.3.1.2. Optimum cluster numbersFollowing application of these three rationales, four datasets remained, all of which hadbeen standardised using the range method. Standardisation on the datasets using the z-scores or inter-decile range techniques had an increased propensity to createsubstandard cluster solutions. Therefore, the datasets which used these methods werediscarded. The identification of the ideal number of clusters in a dataset can beperformed using several techniques. Methods, such as silhouette plots (Rousseeuw,1987) and the gap statistic (Tibshirani et al., 2000) were considered for use, but did notfunction correctly due to the size of the 2011 OAC dataset. Of those tested, the solemethod which functioned as required was the comparison of the total WCSS values for arange of cluster solutions. The most appropriate solution can be defined as that whichhas a constant total WCSS value and demonstrates the lowest reduction in the total WCSSvalue for subsequent numbers of clusters (Peeples, 2011). Increasing the number ofclusters means greater variance within the dataset is explained. However, the amount ofvariance explained by each new cluster becomes exponentially smaller, to the pointwhere adding a new cluster adds only limited explanatory power. If plotted, this patternwould produce an ‘elbow’, and the cluster number where this shape occurred can beconsidered as the optimum solution. Figure 7.9 shows the results of this techniqueperformed on the four 2011 OAC datasets for 2 to 20 cluster solutions. As no ‘elbow’exists in any dataset, there is no obvious number of clusters each dataset could have beendivided into.
Figure 7.9: WCSS value comparison for 2 to 20 cluster solutions for 4 datasets
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As no statistical evidence for the optimum number of clusters for each dataset could beproduced, it was necessary to perform exploratory analysis. Each dataset was tested tounderstand how different numbers of clusters influence the final outcome, and whichoffered the optimum solution from both a statistical perspective and in terms of whichsolution looked visually the most representative, or right (Mandelbrot, 1982b). In total20 unique dataset permutations would have been created by looking at 5 to 9 clustersolutions for the four datasets. To reduce this number, the numbers of clustersconsidered to form the 2011 OAC Supergroups was reduced to be 6 to 8. These numbersof clusters allowed for flexibility in the selection of the number of clusters which bestsummarised the characteristics of the UK’s population, whilst retaining similarity to the2001 OAC (as highlighted during the 2011 OAC user engagement discussed in Chapter4).
Figures 7.10 to 7.12 show the percentage of OAs and SAs assigned to each cluster forsolutions with 6, 7 and 8 clusters for each dataset. There are minimal differencesbetween the cluster assignment distributions and therefore there is little to distinguishthe four datasets or the different cluster solutions. It was therefore necessary to analysethe composition and geographical distribution of the different clusters solutions.
The geographical distribution across the whole of the UK was analysed by looking at ageographic subset of the 21 different clustering solutions. Figures 7.13 to 7.16 show thegeographical distributions of 6, 7 and 8 cluster solutions mapped for each of the fourdatasets in London, Wolverhampton and Glasgow. There are clear differences betweenhow each dataset impacts the clustering solutions, and the impact of different numbersof clusters. The geographical distribution, in conjunction with the cluster profiles, can beused to summarise the effectiveness of each dataset to create the ‘best’ clusters from auser perspective; allowing the identification of the optimum number of clusters for eachdataset.
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257Figure 7.10: Cluster assignment for a 6 cluster solution for 4 datasets
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Figure 7.11: Cluster assignment for a 7 cluster solution for 4 datasets
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259Figure 7.12: Cluster assignment for a 8 cluster solution for 4 datasets
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Figure 7.13: Dataset 2 geographic distribution for 6 to 8 cluster solutions in London (top), Wolverhampton (middle) and Glasgow (bottom)
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261Figure 7.14: Dataset 5 geographic distribution for 6 to 8 cluster solutions in London (top), Wolverhampton (middle) and Glasgow (bottom)
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Figure 7.15: Dataset 8 geographic distribution for 6 to 8 cluster solutions in London (top), Wolverhampton (middle) and Glasgow (bottom)
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263Figure 7.16: Dataset 11 geographic distribution for 6 to 8 cluster solutions in London (top), Wolverhampton (middle) and Glasgow (bottom)
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The findings from the four datasets are detailed below, with the geographic distributionsof the clusters and the optimum number of groupings for each dataset explained.
Dataset 2 – Percentages, Box-Cox, RangeThere is little to distinguish the 7 and 8 cluster solutions in terms of geographicdistribution. Both offer better differentiation than the 6 cluster solution, asdemonstrated most clearly in Figure 7.13 by Glasgow. However, the geographic variationin the cluster assignments demonstrated are not as good as other datasets, most notablythose produced using ‘Percentages, Log, Range’ and ‘Percentages, Inverse HyperbolicSine, Range’. In London for example, the 8 cluster solution results in three clusters beingassigned to 93.6% of the city’s OAs. In addition to this, the differentiation power of theclusters is variable. Present in each of the 6, 7 and 8 cluster solutions is a cluster whichrepresents the national average for the majority of variables, and only loads on ‘Personsaged 90 and over’ and ‘Persons living in a communal establishment’ variables, as shownin Figure 7.17. The presence of this cluster in all of the solutions suggests that it reflectsgenuine characteristics of a portion of the UK’s population, but in doing so, creates a veryspecific Supergroup.
Figure 7.17: Radial plot of a cluster loading on 90+ and communal establishmentscreated with the Percentages, Box-Cox, Range dataset(See Table 7.3 for variable names)
Chapter 7 – Creating the 2011 Area Classification for Output Areas 265
Dataset 5 – Percentages, Log, RangeThe optimum number of clusters for this dataset was 8. A comparison between the 7 and8 cluster solutions in Figure 7.14 shows that the addition of the extra cluster had asignificant impact on London. The 7 cluster solution resulted in the representation of81% of OAs in London by two clusters, with the 8 cluster solution this value dropped to67%. The increased geographic variation in the distributions offered by the 8 clustersolution addressed concerns expressed in the 2011 OAC user engagement regarding howrelatively poorly London was represented by the 2001 OAC where 77.5% of London OAswere clustered into two groups. The marked improvement offered by the 8 clustersolution was also seen in the cluster profiles, which offered good variation between thegroups. Notably the two clusters found in inner London had distinctive characteristics.
Dataset 8 – Percentages, Inverse Hyperbolic Sine, RangeThis dataset is similar to the ‘Percentages, Log, Range’ dataset in terms of the geographicdistribution of clusters and their profiles for the 7 and 8 cluster solutions (see Figure7.15). This similarity is likely to be a result of the parallels between the InverseHyperbolic Sine (IHS) and log transformation techniques. However, as noted byBurbidge et al. (1988), the IHS method is better at handling datasets which contain alarge number of zeros. The final 60 variables contain a varying number of zero values,and the way in which the IHS transformation method handles the variables where theyare more prevalent, produces the slightly different results to the ‘Percentages, Log,Range’ dataset. Although both datasets suggest an 8 cluster solution is optimum, the‘Percentages, Inverse Hyperbolic Sine, Range’ dataset provides an alternative solutionthat incorporates a transformation method better designed to handle the type of datafound in the 2011 UK Census.
Dataset 11 – Index Scores, Box-Cox, RangeThis dataset was unstable in comparison to those which underwent the conversation oftheir raw data to percentages. The geographic distribution of clusters for the differentsolutions, as shown in Figure 7.16, shows large variations between them. Thesevariations are most apparent in London, and to a lesser extent in Wolverhampton.Glasgow, in comparison, demonstrates cluster stability between the three solutions. Thiswide variation means that 8 clusters can be considered to be the optimum number,particularly in London. The 8 cluster solution offered by this dataset is however not asgood in either the geographical distribution of the clusters, or their composition, whencompared to the Percentages, Log, Range’ or ‘Percentages, Inverse Hyperbolic Sine,
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Range’ datasets. This dataset for example results in 76% of OAs in London beingrepresented by two clusters in the 8 cluster solution, compared to the 70% offered bythe ‘Percentages, Inverse Hyperbolic Sine, Range’ dataset.
Analysis of the four datasets suggested that in each case an 8 cluster solution producedthe best result. As a result, 8 clusters were chosen as the number of Supergroups for the2011 OAC. The selection of the best dataset was not as straightforward however, as thedataset with the lowest mean SED value did not have the best geographical dispersion ofclusters. As discussed previously, the most desirable characteristic for the 2011 OACSupergroups was their ability to differentiate between different areas of the UK, even ifthis resulted in a reduction in homogeneity. The ‘Percentages, Inverse Hyperbolic Sine,Range’ dataset was therefore selected to create the 2011 OAC. This dataset createdclusters with good geographical distribution that resembled known variations in the UKpopulation and therefore can be considered to ‘look right’ (Mandelbrot, 1982b). Thecluster profiles had sufficient differentiation power that unique names and descriptionscould be formed. Additionally, the ‘Percentages, Inverse Hyperbolic Sine, Range’ datasetwas preferable because of the advantages offered by the IHS transformation method, inparticular how it handles zero values. This meant modification of the 2011 UK Censusdata was reduced by not requiring a constant to be added that other transformationtechniques would have needed to function correctly. The subjective nature of thisdecision means that others could justify an alternative selection, particularly if the maincriteria for selecting a dataset were based on producing as homogenous clusters aspossible.
7.3.2. Creating a hierarchical classificationThe choice of the ‘Percentages, Inverse Hyperbolic Sine, Range’ dataset and an 8 clustersolution to form the 2011 OAC Supergroups had a direct impact on the formation of thelower tiers of the classification. As the non-hierarchical k-means clustering algorithmwas used, it was necessary to manually cluster the data to create the Groups andSubgroups. The choice of the same top-down method as used by Vickers et al. (2005) (asdiscussed in Section 6.8.4) meant the k-means algorithm was run 8 times on theSupergroup dataset; each time on a dataset comprising of only OAs or SAs assigned to adifferent Supergroup. This process was subsequently repeated on each of the Groupdatasets to form the Subgroups of the 2011 OAC. Also discussed in Section 6.8.4 was thedecision to consider 2 to 4 clusters to make up the Groups derived from the Supergroups
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and the Subgroups derived from the Groups. The final hierarchical structure of the 2011OAC contained an additional Supergroup in comparison to the 2001 OAC. Limiting thenumber of clusters per Group or Subgroup to a maximum of 4 in the 2011 OAC avoideda large increase in the total number of Groups and Subgroups when compared to theprevious classification.
The decision on the exact number of Groups and Subgroups was based on similar criteriaused to select the final number of Supergroups. The geographic variation of the clusterswas not considered to be as important. The focus was instead on ensuring that clustersolutions did not lead to the creation of micro clusters and that the clusters offered gooddifferentiation power. Table 7.7 identifies the variance between cluster sizes and themean SED value for each Group solution. Values closer to 0 indicate a greater disparitybetween the number of OAs and SAs assigned to the largest and smallest clusters,suggesting the presence of micro clusters. The ‘Mean SED’ column identifies the overallcluster homogeneity of each solution. A smaller number indicates a greater level ofcluster homogeneity. This value should decrease with an increase in cluster numbers,meaning that the cluster solution with the smallest value was not guaranteed to be usedas this was invariably the solution with 4 clusters.
As with the optimum dataset and optimum number of clusters for the 2011 OACSupergroups, decisions regarding cluster solutions were only based on the mean SEDvalues if no other justification could be found. These values were however useful inexploring how the datasets for each Supergroup were clustered differently, with some ofthe solutions for the derived Groups creating more homogenous clusters than others.Table 7.7 provided a statistical method of determining the optimum number of Groupsto form the 2011 OAC. Looking solely at Table 7.7, the number of clusters derived fromSupergroup 1 should have been two. This solution offered clusters that were the mostevenly sized and as homogenous as the three cluster alternative. However, this wouldnot have taken into account the differentiation offered by the clusters created from eachsolution. As such, the cluster profiles of each solution needed to be examined.
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Table 7.7: Cluster size variance and mean SED of potential 2011 OAC Groups (finalselection highlighted in green)
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Supergroup 1 0.75 0.68 0.25 0.68 0.35 0.65
Supergroup 2 0.45 1.39 0.41 1.27 0.60 1.19
Supergroup 3 0.61 0.93 0.88 0.85 0.42 0.88
Supergroup 4 0.67 0.89 0.56 0.83 0.39 0.80
Supergroup 5 0.83 0.81 0.29 0.80 0.34 0.77
Supergroup 6 0.73 0.70 0.40 0.68 0.44 0.65
Supergroup 7 0.35 1.30 0.50 1.17 0.37 1.17
Supergroup 8 0.95 0.68 0.94 0.65 0.71 0.63
Figures 7.18 and 7.19 shows an example of a cluster solution that offers gooddifferentiation power and one that does not. The clusters in Figure 7.18 show a numberof variables that deviate away from the mean (depicted as the red line), allowing uniquenames and descriptions to be formed. Conversely, Figure 7.19 shows three out of the fourclusters have a majority of variables that do not deviate significantly from the mean, andas such offer only limited differentiation power. Consequently, a solution demonstratingcluster profiles like that in Figure 7.19 would not be selected. Taking into account thecluster profile and results in Table 7.7, a three cluster solution was selected forSupergroup 8. This solution offered the best differentiation from the options availableand would therefore be the most useful to users of the 2011 OAC. In total, 26 Groupswere created from the Supergroups. The final selection is highlighted in green in Table7.7. The 76 Subgroups were selected utilising the same methodology and rationale as inthe Group selection. The solutions selected are highlighted in green in Table 7.8.
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Figure 7.18: Radial plots showing clusters with good differentiation
Figure 7.19: Radial plots showing clusters with poor differentiation
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Table 7.8: Cluster size variance and mean SED of potential 2011 OAC Subgroups (finalselection highlighted in green)
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Group 1a 0.75 0.65 0.79 0.62 0.51 0.62
Group 1b 0.96 0.54 0.68 0.53 0.70 0.52
Group 1c 0.66 0.74 0.83 0.70 0.59 0.70
Group 2a 0.35 1.15 0.31 1.03 0.25 0.98
Group 2b 0.84 1.26 0.22 1.19 0.28 1.16
Group 2c 0.80 1.21 0.70 1.16 0.50 1.10
Group 2d 0.68 0.77 0.72 0.73 0.67 0.70
Group 3a 0.79 0.70 0.31 0.72 0.30 0.68
Group 3b 0.41 0.68 0.48 0.64 0.46 0.63
Group 3c 0.52 1.31 0.65 1.22 0.44 1.21
Group 3d 0.60 0.62 0.77 0.58 0.45 0.58
Group 4a 0.76 0.73 0.66 0.69 0.67 0.67
Group 4b 0.74 0.79 0.67 0.75 0.66 0.73
Group 4c 0.79 0.75 0.78 0.70 0.73 0.67
Group 5a 0.76 0.71 0.79 0.67 0.64 0.66
Group 5b 0.35 0.81 0.49 0.79 0.52 0.75
Group 6a 0.50 0.73 0.46 0.71 0.48 0.68
Group 6b 0.87 0.57 0.32 0.57 0.35 0.55
Group 7a 0.90 0.74 0.54 0.73 0.22 0.72
Group 7b 0.90 1.34 0.68 1.31 0.47 1.29
Group 7c 0.82 0.85 0.86 0.82 0.65 0.82
Group 7d 0.26 1.74 0.28 1.52 0.20 1.56
Group 8a 0.78 0.56 0.50 0.54 0.37 0.54
Group 8b 0.89 0.64 0.59 0.64 0.79 0.60
Group 8c 0.57 0.60 0.58 0.58 0.14 0.56
Group 8d 0.90 0.57 0.56 0.55 0.54 0.53
Chapter 7 – Creating the 2011 Area Classification for Output Areas 271
In total 110 clusters were selected to create the 2011 OAC: 8 Supergroups, 26 Groupsand 76 Subgroups. The breakdown of how each of these clusters formed the 2011 OAChierarchy is shown in Table 7.9, along with the total number of UK OAs and SAs that wereassigned to each group. The Supergroups range in the number of OAs and SAs assignedto them from 20.6% for Supergroup 6 to 5.1% for Supergroup 3. Although this range islarger than that of the 2001 OAC Supergroups, this greater number of smaller clusters isuseful in increasing the discriminatory power of the classification, especially in urbanareas. The size of each Group and Subgroup is influenced by the relative size (in terms ofOAs and SAs assigned) of their parent Supergroup along with the number of clustersdecided upon. This variance results in Group 6b representing 11.6% of the UK’s OAs andSAs, and Group 3c a much smaller 0.7%. Adding or subtracting an extra Group wouldnot have changed these values sufficiently to provide uniformity, nor would it havebeen an appropriate action due to the adverse impact this would have had on thecluster compositions.
A similar discrepancy exists between the Subgroups, with the highest and lowest OA andSA assignments across the UK ranging from 4.2% to 0.1%. Although the differences inhow many OAs and SAs are assigned to each Group and Subgroup cannot be ignored, thesignificance of the variation is negligible. The use of the k-means clustering algorithm inthe creation of the 2011 OAC on the 8 separate datasets in the formation of the Groups,and subsequently on the 26 separate datasets to form the Subgroups means that the2011 OAC is in effect 35 different classifications combined to make a three-tieredhierarchy. This methodology ensures that each OA and SA is assigned to one Supergroup,Group and Subgroup, but as a result not all clusters are directly connected. For example,as Groups 2a and 2b share the same Supergroup they are related, however Groups 2band 4b are not, even though they occupy the same level of hierarchy in the classificationand may be geographically next to each other in some locations. The focus of creatingclusters with the best differentiation power, combined with the methodology that meantSubgroups nested within Groups, and Groups within Supergroups means variancesbetween the number of OAs and SAs assigned to each cluster was an expectedconsequence.
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Table 7.9: The hierarchical structure of the 2011 OAC
Supergroup Total UKOAs & SAs Group
Total UK
OAs & SAs Subgroup
Total UK
OAs & SAs
Supergroup 1 11.75%(27300)
Group 1a 4.38% (10164) Subgroup 1a1 2454 (1.06%)Subgroup 1a2 3086 (1.33%)Subgroup 1a3 3043 (1.31%)Subgroup 1a4 1581 (0.68%)
Group 1b 5.89% (13683) Subgroup 1b1 5272 (2.27%)Subgroup 1b2 4811 (2.07%)Subgroup 1b3 3600 (1.55%)
Group 1c 1.49% (3453) Subgroup 1c1 1030 (0.44%)Subgroup 1c2 1183 (0.51%)Subgroup 1c3 1240 (0.53%)
Supergroup 2 5.65%(13125)
Group 2a 1.10% (2561) Subgroup 2a1 467 (0.20%)Subgroup 2a2 574 (0.25%)Subgroup 2a3 1520 (0.65%)Group 2b 1.15% (2670) Subgroup 2b1 1449 (0.62%)Subgroup 2b2 1221 (0.53%)
Group 2c 1.84% (4267) Subgroup 2c1 1683 (0.72%)Subgroup 2c2 1182 (0.51%)Subgroup 2c3 1402 (0.60%)
Group 2d 1.56% (3627) Subgroup 2d1 1002 (0.43%)Subgroup 2d2 1386 (0.60%)Subgroup 2d3 1239 (0.53%)
Supergroup 3 5.10%(11849)
Group 3a 1.51% (3509) Subgroup 3a1 1958 (0.84%)Subgroup 3a2 1551 (0.67%)
Group 3b 1.28% (2963) Subgroup 3b1 1382 (0.59%)Subgroup 3b2 660 (0.28%)Subgroup 3b3 921 (0.40%)Group 3c 0.68% (1586) Subgroup 3c1 1043 (0.45%)Subgroup 3c2 543 (0.23%)
Group 3d 1.63% (3791) Subgroup 3d1 1094 (0.47%)Subgroup 3d2 1419 (0.61%)Subgroup 3d3 1278 (0.55%)
Supergroup 4 10.12%(23502)
Group 4a 4.71% (10942) Subgroup 4a1 4488 (1.93%)Subgroup 4a2 3512 (1.51%)Subgroup 4a3 2942 (1.27%)Group 4b 2.65% (6146) Subgroup 4b1 3540 (1.52%)Subgroup 4b2 2606 (1.12%)
Group 4c 2.76% (6414) Subgroup 4c1 2322 (1.00%)Subgroup 4c2 1803 (0.78%)Subgroup 4c3 2289 (0.99%)
Supergroup 5 16.66%(38697)
Group 5a 9.09% (21124) Subgroup 5a1 8046 (3.46%)Subgroup 5a2 6378 (2.75%)Subgroup 5a3 6700 (2.88%)
Group 5b 7.56% (17573) Subgroup 5b1 4961 (2.14%)Subgroup 5b2 4130 (1.78%)Subgroup 5b3 8482 (3.65%)
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Supergroup Total UKOAs & SAs Group
Total UK
OAs & SAs Subgroup
Total UK
OAs & SAs
Supergroup 6 20.17%(46850)
Group 6a 8.52% (19801) Subgroup 6a1 3409 (1.47%)Subgroup 6a2 4353 (1.87%)Subgroup 6a3 7174 (3.09%)Subgroup 6a4 4865 (2.09%)
Group 6b 11.64% (27049) Subgroup 6b1 3434 (1.48%)Subgroup 6b2 9860 (4.24%)Subgroup 6b3 8178 (3.52%)Subgroup 6b4 5577 (2.40%)
Supergroup 7 11.68%(27135)
Group 7a 4.04% (9389) Subgroup 7a1 2170 (0.93%)Subgroup 7a2 3214 (1.38%)Subgroup 7a3 4005 (1.72%)
Group 7b 2.05% (4752) Subgroup 7b1 1344 (0.58%)Subgroup 7b2 1428 (0.61%)Subgroup 7b3 1980 (0.85%)
Group 7c 4.09% (9508) Subgroup 7c1 3382 (1.46%)Subgroup 7c2 3225 (1.39%)Subgroup 7c3 2901 (1.25%)
Group 7d 1.50% (3486) Subgroup 7d1 1526 (0.66%)Subgroup 7d2 909 (0.39%)Subgroup 7d3 739 (0.32%)Subgroup 7d4 312 (0.13%)
Supergroup 8 18.87%(43838)
Group 8a 4.94% (11474) Subgroup 8a1 6448 (2.78%)Subgroup 8a2 5026 (2.16%)Group 8b 3.93% (9134) Subgroup 8b1 4289 (1.85%)Subgroup 8b2 4845 (2.09%)
Group 8c 5.51% (12789) Subgroup 8c1 5527 (2.38%)Subgroup 8c2 3209 (1.38%)Subgroup 8c3 4053 (1.74%)
Group 8d 4.49% (10441) Subgroup 8d1 3527 (1.52%)Subgroup 8d2 4435 (1.91%)Subgroup 8d3 2479 (1.07%)
Although the creation of Groups and Subgroups that had a more even distribution intheir assignment to OAs and SAs would have been feasible, doing so would have meantcreating sub-optimum clusters with reduced differentiation power. As such, both thefinalised total number of clusters that form the 2011 OAC and the variation in theassignments to OAs and SAs can be considered the optimum result in creating a general-purpose geodemographic classification of the UK using the 2011 UK Census.
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7.4. OutputsAn essential part of building the 2011 OAC was the creation of a number of key outputsto help better understand the results of the clustering process. These outputs can bebroadly summarised into two categories: descriptive and visual. The descriptive outputsprovide the clusters with enhanced meaning. The assignment of names and descriptions,or pen portraits, to each of the 110 clusters enables users to interpret the results of theclustering process in terms of the characteristics of each cluster, which the output valuesof the k-means clustering algorithm alone does not allow. The visual outputs from theclassification compliment the descriptions, in both understanding the variance betweenthe make-up of each cluster and the geographic distribution of the Supergroups, Groupsand Subgroups. Although development of the underlying processes and procedures isfundamental for the creation of the classification, it is these outputs that will have thegreatest overall impact, as they will influence how users use and interpret the 2011 OAC.
7.4.1. Clustering outputsThe naming and description of clusters provides a user focused geodemographicclassification. The 2011 OAC uses two methods to interpret the initial output clusterinformation for the formation of names and descriptors: radial plots and bar graphs. Theradial plots and bar graphs for the 2011 OAC Supergroups are shown in Figures 7.20 and7.21 respectively, the names for each cluster correspond to those assigned based on theaverage characteristics of each Supergroup and are discussed in detail in Section 7.4.2.
Radial plots were previously used by Vickers (2006), where the red line represents themean value for each variable. In the case of the Supergroups this is the UK mean, and forthe Groups and Subgroups there is one mean in relation to the parent Supergroup orGroup and another for the UK. The blue line represents how far each variable in aparticular cluster deviates away from the mean. This allows the average characteristicsof individual groups to be identified, where the variations in the concentration of the 602011 OAC variables make each cluster unique. A criticism of this method however is thatit implies variables are linked, by joining the variables together, where no suchrelationship exists. For example, the values between variable k006 (Persons ages 90 andover) and variable k007 (Number of persons per hectare) in the 2011 OAC Supergroupradial plots are linked together, despite the two variables measuring different aspects ofthe population and they do not share the same denominator. It is these linkages that givethe radial plots their distinctive look, but can be misleading as a result.
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275Figure 7.20: Radial plots of the 2011 OAC Supergroups(See Table 7.3 for variable names)
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Figure 7.21: Bar graphs of the 2011 OAC Supergroups(See Table 7.3 for variable names)
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The bar graphs in Figure 7.21 also represent the distance away from the mean value foreach variable, but they do so in a way that avoids any misleading interpretations. Inaddition, they are ranked according to their scores, the darkest colour representing thevariable with the positive value furthest from the mean and the lightest representing thenegative value furthest from the mean. This differentiation in colour allows theidentification of the variables which deviate the most from the mean in each clustersolution. The creation of both the radial plots and bar graphs can be considered to be keyoutputs of the 2011 OAC. They formed the basis on which the cluster names anddescriptions were formed, and provide a user with an easy visual reference as to thediffering compositions of the clusters.
7.4.2. Naming the clustersThe naming of geodemographic classifications clusters can be a contentious issue andthe validity of each name is open to debate. Commercial classifications such as Mosaic(Experian, 2010) and Acorn (CACI, 2013b) only allow for limited re-interpretation of theclusters and subsequent re-naming by users as limited factual information is providedabout the formation of the groups. Users must therefore place faith that clusters withnames like ‘Clocking Off’ and ‘Urban Cool’ provides a representative description of theindividuals and households that live in those assigned areas. To make the 2011 OAC astransparent as possible, all output materials used in the naming of the clusters, will bemade available once the classification is officially launched by the Office for NationalStatistics (ONS). This will provide users with the flexibility to re-interpret the underlyingdata to construct names they believe to be more reflective of the resident population.This flexibility is one of the strengths of an open geodemographic classification, and setsthe 2011 OAC apart from the commercial products.
As discussed in Section 4.3.4, an output of the 2011 OAC user engagement was the desireto name all of the Subgroups. This is in line with several commercial classifications, suchas Acorn, the latest version of which includes names for all 88 clusters (CACI, 2013b). Itwas therefore decided to name all clusters of the 2011 OAC. In order to do this, a set ofbasic principles were followed. Firstly, the names could not be offensive and had to avoidstereotyping. Secondly, each name had to strike a balance between being too descriptive,thereby excluding portions of the resident population, and not so generic that theclusters could not be differentiated from each other. Thirdly, they had to treat thepopulation the same. A name such as ‘Black Deprivation’ by itself would have been
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considered unacceptable. If however it formed a set of Subgroups with ‘WhiteDeprivation’ and ‘Asian Deprivation’, then it would have been more likely to be acceptedas in this case no single ethnic group has been highlighted as deprived when others arenot. Lastly, if possible, the names could not have been used in any previousgeodemographic classification.
The primary tools utilised in the naming of the clusters were the radial plots and bargraphs. As discussed in Section 7.4.1, the radial plot for each cluster at the Supergrouplevel depict deviations of the mean values from the national mean, and for the Groupsand Subgroups this is the mean of their respective parent Supergroup and Group.Clusters containing variables demonstrating extreme values, either below or above themean, were easier to name than those containing variables all with values close to thenational or cluster mean because they contained distinct population characteristics.Certain aspects of clusters, such as their geographic distribution, could not be derivedfrom the radial plots or bar graphs. It was therefore necessary to map the clusters toallow the spatial variance of the clusters to be incorporated into the names. Final namescould therefore incorporate the resident population, the built environment andgeographic location, consequently making it easier to distinguishing clusters,particularly in urban areas. The mapping of clusters also allowed for internal validation,where names were checked against local knowledge of areas. For example, clusters thatwere believed to have large student populations, and named accordingly, matched areasin Southampton and Bristol known for their large residential student population.
Internal validation can only provide limited reassurance of the accuracy of theconstructed names. The true test will be when users apply local knowledge to assess thevalidity and suitability of names within a geodemographic classification. It is likely thatthe accuracy of assigned names will decrease at the lower levels of the classification asthe clusters at the Subgroup level represent increasingly smaller sections of society incomparison to the remainder of the classification. The consultation on all names, inparticular the Subgroups, was therefore of paramount importance. This can be a timeconsuming process and with the ONS keen on publishing the 2011 OAC as soon aspossible, an alternative method of consultation was required. In advance of the releaseof the equivalent Scottish Census data in December 2013, the ‘Preliminary 2011 Englandand Wales Area Classification for Output Areas’ or 2011 EW OAC, was created prior tothe UK-wide 2011 OAC. This classification was constructed using the same methods aswould be used for the UK-wide classification, including the naming of the 8 Supergroups,
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24 Groups and 67 Subgroups (see Table C.2 in Appendix C). The names assigned herecould subsequently be applied to the UK classification and assessed for their suitability.
The 2011 EW OAC was made publically available in September 2013 via thewww.retailresearchdata.org website. This allowed the data to be downloaded and thecluster assignments to be visualised using an interactive map. Users who accessed thisresource were asked to provide feedback on the classification, most importantly on thenaming structure. This informal feedback exercise was independent from the 2011 OACuser engagement and ran over a three-week period. In total there were 11 respondents,six of which answered the question relating to the naming conventions used. Of theseresponses, two identified potential issues associated with the incorrect interpretationand incorrect inference from the assigned names. Respondent 3 noted that some of thenames chosen went beyond the information provided by the 2011 UK Census data. Anexample they gave was the application of the name ‘Industrial Legacy’ to areas whichhave never had any industry. Respondent 10 suggested that the names of the clustersneeded to be broader at the Supergroup and Group level, otherwise the Subgroup namesstarted to become too similar. In general, a number of 2011 EW OAC Subgroup namesincorporated aspects of their parent Group or Supergroup. However, this was anecessary step in the creation of enough unique names that offered some descriptivepower.
As a result of this preliminary feedback, the process of naming the 2011 OAC clusterswas modified. It was decided that names would only initially be allocated at theSupergroup and Group level, which would be made available via thewww.retailresearchdata.org website. Feedback was requested from users only if theyfelt that a cluster name was obviously incorrect. This provided an opportunity formistakes to be rectified prior to the full release and increase the likelihood that Subgroupnames would subsequently be accepted by the potential user base. It was only after thisfeedback had been received that the names for the 76 Subgroups were finalised.
Overall, the creation of the 2011 EW OAC proved invaluable in the creation of names thatcould be transferred to the 2011 UK wide OAC. It also highlighted the impact that clusternames have on user interpretation of geodemographic classifications. The names for the2011 OAC Supergroups, Groups and Subgroups are shown in Table 7.10.
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Table 7.10: The names for the 2011 OAC Supergroups, Groups and Subgroups
Supergroup Group Subgroup
1 - Rural Residents
1a - FarmingCommunities
1a1 - Rural Workers and Families1a2 - Established Farming Communities1a3 - Agricultural Communities1a4 - Older Farming Communities
1b - Rural Tenants 1b1 - Rural Life1b2 - Rural White-Collar Workers1b3 - Ageing Rural Flat Tenants1c - Ageing RuralDwellers 1c1 - Rural Employment and Retirees1c2 - Renting Rural Retirement1c3 - Detached Rural Retirement
2 - Cosmopolitans
2a - Students AroundCampus 2a1 - Student Communal Living2a2 - Student Digs2a3 - Students and Professionals2b - Inner-City Students 2b1 - Students and Commuters2b2 - Multicultural Student Neighbourhoods2c - ComfortableCosmopolitans 2c1 - Migrant Families2c2 - Migrant Commuters2c3 - Professional Service Cosmopolitans2d - Aspiring andAffluent 2d1 - Urban Cultural Mix2d2 - EU White-Collar Workers2d3 - Highly-Qualified Quaternary Workers
3 - EthnicityCentral
3a - Ethnic Family Life 3a1 - Established Renting Families3a2 - Young Families and Students3b - EndeavouringEthnic Mix 3b1 - Striving Service Workers3b2 - Bangladeshi Mixed Employment3b3 - Multi-Ethnic Professional Service Workers3c - Ethnic Dynamics 3c1 - Constrained Neighbourhoods3c2 - Constrained Commuters3d - AspirationalTechies 3d1 - Established Tech Workers3d2 - Old EU Tech Workers3d3 - New EU Tech Workers
4 - MulticulturalMetropolitans
4a - Rented FamilyLiving 4a1 - Social Renting Young Families4a2 - Private Renting New Arrivals4a3 - Commuters with Young Families4b - Challenged AsianTerraces 4b1 - Asian Terraces and Flats4b2 - Pakistani Communities
4c - Asian Traits 4c1 - Achieving Minorities4c2 - Multicultural New Arrivals4c3 - Inner City Ethnic Mix
5 - Urbanites
5a - Urban Professionalsand Families 5a1 - White Professionals5a2 - Multi-Ethnic Professionals with Families5a3 - Families in Terraces and Flats
5b - Ageing Urban Living 5b1 - Delayed Retirement5b2 - Communal Retirement5b3 - Self-Sufficient Retirement
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Supergroup Group Subgroup
6 - Suburbanites
6a - Suburban Achievers 6a1 - Indian Tech Achievers6a2 - Comfortable Suburbia6a3 - Detached Retirement Living6a4 - Ageing in Suburbia
6b - Semi-DetachedSuburbia
6b1 - Multi-Ethnic Suburbia6b2 - White Suburban Communities6b3 - Semi-Detached Ageing6b4 - Older Workers and Retirement
7 - ConstrainedCity Dwellers
7a - ChallengedDiversity 7a1 - Transitional Eastern European Neighbourhoods7a2 - Hampered Aspiration7a3 - Multi-Ethnic Hardship7b - Constrained FlatDwellers 7b1 - Eastern European Communities7b2 - Deprived Neighbourhoods7b3 - Endeavouring Flat Dwellers
7c - White Communities 7c1 - Challenged Transitionaries7c2 - Constrained Young Families7c3 - Outer City Hardship
7d - Ageing CityDwellers
7d1 - Ageing Communities and Families7d2 - Retired Independent City Dwellers7d3 - Retired Communal City Dwellers7d4 - Retired City Hardship
8 - Hard-PressedLiving
8a - IndustriousCommunities 8a1 - Industrious Transitions8a2 - Industrious Hardship8b - ChallengedTerraced Workers 8b1 - Deprived Blue-Collar Terraces8b2 - Hard-Pressed Rented Terraces8c - Hard-PressedAgeing Workers 8c1 - Ageing Industrious Workers8c2 - Ageing Rural Industry Workers8c3 - Renting Hard-Pressed Workers8d - Migration andChurn 8d1 - Young Hard-Pressed Families8d2 - Hard-Pressed Ethnic Mix8d3 - Hard-Pressed European Settlers
7.4.3. Cluster descriptionsThe naming of clusters is important as it provides an easily understood ‘snapshot’ of eachgroup. However, the names do not allow for a comprehensive understanding of theresident population and physical characteristics in areas. Cluster descriptions, or penportraits provide this more detailed information, and are therefore an integral part ofany geodemographic classification. Similar to the naming of clusters, pen portraits wereeasier to construct for clusters demonstrating more extreme values. In these instancespen portraits are particularly relevant as the dynamics within a cluster would be toogreat to encapsulate in a name alone.
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Where clusters lacked extreme values, it was necessary to consider their geographiclocations. Although two clusters may represent ‘average’ characteristics, if their spatialdistribution varies, their individual characteristics will vary too. The pen portraitsprovided an opportunity to explore the dynamics of these clusters further. The penportraits for the 2011 OAC are included in Section C.1 in Appendix C.
The nesting of Subgroups within different Groups, and Groups within Supergroups, inthe 2011 OAC means there are two different ways of interpreting the averagecharacteristics of these clusters. Comparisons between pen portraits are therefore notstraightforward and require an understanding of what data is being used to drawconclusions about the characteristics of each cluster.
These different methods of interpretation are a result of there being two possible meanvalues for each Group and Subgroup. The first possible mean value refers to only thatclusters parent Supergroup or Group. These mean values are impacted by the prevalenceof the particular variable in their respective parent cluster. For example, two Groupsfrom different parent Supergroups may demonstrate identical values of variable x.However, one of the parent Supergroups may actually contain below the nationalaverage of variable x, whilst the Group demonstrates above the national average of thevariable. The other Group and Supergroup may demonstrate the opposite, with aprevalence of variable x above the national average, whilst the Group demonstratesbelow the national average. In this example both relationships lead to the same meanvalue for the Groups.
The second possible mean value, like those calculated for the Supergroups, is in relationto the UK average. Using the national average for all the Groups and Subgroups meansall 110 clusters of the 2011 OAC can be directly compared with each other. Thedisadvantage of using this method is it makes it harder to distinguish between Groupsand Subgroups that are derived from the same Supergroup or Group.
The two different methods of interpreting the average characteristics of the 2011 OACclusters can be used in conjunction with each other to provide a detailed understandingof each group. Although there are limitations to both methods, any issues that exist areoutweighed by the benefits derived from being able to construct detailed descriptions ofthe clusters. If the pen portraits for the 2011 OAC are however deemed unsatisfactoryfor whatever reason by the user, the open methodology allows for alternatives to be
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created. All of the materials used to create the pen portraits will also be made available,which provides users with the opportunity to develop their own pen portraits ifrequired.
7.4.4. Mapping the 2011 OACThe mapping of the 2011 OAC is the second core output of the classification. It providesa visual interface for the cluster names and descriptions and allows users to explore thespatial distribution of the cluster assignments. Documented in this section are maps ofthe 2011 OAC Supergroups, Groups and Subgroups, although the Groups and Subgroupsare better suited to visualisation on an online interactive map.
An important consideration in the production of the output maps was the colourschemes (Harrower and Brewer, 2003; Gardner, 2005). All of the maps presented in thissection are based on schemes from www.colorbrewer2.org (see Figure 7.22). Thiswebsite offers advice on colour schemes to aid the selection of good colour schemes formaps and other graphics based on Brewer (1994). The selected scheme was chosen tobe as colour blind safe as possible when visualising eight distinctive clusters, andassigned a colour to each Supergroup. The Group and Subgroup colours weresubsequently based on their parent Supergroup, with each cluster being made eitherlighter or darker to create 26 and 76 different colours respectively. The adaption of 26and 76 unique colours meant that all the Groups and Subgroups could have beenvisualised on a two maps of the UK. However, this would be too difficult to interpret, andas a result 16 separate maps have been produced, one for every Group and Subgroupbelonging to each of the parent Supergroups.
In total three different ways of mapping the data are presented in this section:choropleth, density equalising cartogram and building maps. A choropleth map providesan accurate representation of the desired areal unit geography, OAs and SAs for the 2011OAC. Each areal unit displays an assigned category, such as their assigned Supergroup orGroup. In contrast, a density equalising cartogram map modifies the size and shape ofthe areal units based on a specific set of criteria, whilst maintaining geographicalaccuracy as far as is practical. Finally, a building map takes advantage of the release ofOrdnance Survey Open Data (OS OpenData) under the UK Open Government Licence(OGL). The building layer of the ‘OS VectorMap District’ dataset can be spatially joined toOAs in Great Britain. This assigns every building within Great Britain to either the OA it
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falls within, or the OA that contains the largest proportion of the building, if it straddlesmultiple OAs. Instead of colouring a whole areal unit in the colour of its assignedSupergroup or Group, only the buildings are coloured.
Figure 7.22: Screenshots of www.colorbrewer2.org
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7.4.4.1. Choropleth mapsFigure 7.23 shows the distribution of 2011 OAC Supergroups across the UK. Visually, the‘Rural Residents’ Supergroup dominates the map, even though it is only assigned to 12%of the UK’s OAs and SAs. Spatial clustering of the ‘Cosmopolitans’, ‘Ethnicity Central’ and‘Multicultural Metropolitans’ can be identified around larger urban areas such asLondon, Birmingham and Manchester, although they are also present in some of thesmaller cities in England. The ‘Hard-Pressed Living’ Supergroup is most keenly clusteredaround the valleys of South Wales, and in the North East of England. It is also found inless concentrated areas across other parts of England, such as the Midlands. The‘Constrained City Dwellers’ Supergroup is spatially clustered in similar locations to the‘Hard-Pressed Living’ Supergroup, except it is more likely to be found in inner urbanareas of which Glasgow has the highest concentration.
The ‘Suburbanites’ Supergroup has a strong spatial clustering around London, especiallyto the South West. It is also found in lower concentrations on the outskirts of other urbancentres, and in on the Isle of Lewis in Scotland. Finally, the only discernible spatialpattern of the ‘Urbanities’ Supergroup is that it is predominantly located in urban areasacross the UK. The middle layer of the 2011 OAC hierarchy is shown in Figures 7.24 to7.31, and the bottom layer of the hierarchy is shown in Figures 7.32 to 7.39. Thedistribution of the 26 Groups and 76 Subgroups across the UK provides an opportunityfor the spatial patterns seen with the Supergroups to be explored further. The geographicvariations between the Groups and Subgroups in particular become more evident whenviewed at the sub-UK level.
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Figure 7.23: Choropleth map of the 2011 OAC Supergroups
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Figure 7.24: Choropleth map of the 2011 OAC Groups derived from the ‘RuralResidents’ Supergroup
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Figure 7.25: Choropleth map of the 2011 OAC Groups derived from the‘Cosmopolitans' Supergroup
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Figure 7.26: Choropleth map of the 2011 OAC Groups derived from the ‘EthnicityCentral' Supergroup
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Figure 7.27: Choropleth map of the 2011 OAC Groups derived from the‘Multicultural Metropolitans’ Supergroup
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Figure 7.28: Choropleth map of the 2011 OAC Groups derived from the ‘Urbanites'Supergroup
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Figure 7.29: Choropleth map of the 2011 OAC Groups derived from the‘Suburbanites’ Supergroup
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Figure 7.30: Choropleth map of the 2011 OAC Groups derived from the‘Constrained City Dwellers' Supergroup
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Figure 7.31: Choropleth map of the 2011 OAC Groups derived from the ‘Hard-Pressed Living' Supergroup
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Figure 7.32: Choropleth map of the 2011 OAC Subgroups derived from the ‘RuralResidents' Supergroup
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Figure 7.33: Choropleth map of the 2011 OAC Subgroups derived from the‘Cosmopolitans' Supergroup
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Figure 7.34: Choropleth map of the 2011 OAC Subgroups derived from the‘Ethnicity Central' Supergroup
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Figure 7.35: Choropleth map of the 2011 OAC Subgroups derived from the‘Multicultural Metropolitans' Supergroup
Chapter 7 – Creating the 2011 Area Classification for Output Areas 299
Figure 7.36: Choropleth map of the 2011 OAC Subgroups derived from the‘Urbanites' Supergroup
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Figure 7.37: Choropleth map of the 2011 OAC Subgroups derived from the‘Suburbanites' Supergroup
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Figure 7.38: Choropleth map of the 2011 OAC Subgroups derived from the‘Constrained City Dwellers' Supergroup
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Figure 7.39: Choropleth map of the 2011 OAC Subgroups derived from the ‘Hard-Pressed Living ' Supergroup
Chapter 7 – Creating the 2011 Area Classification for Output Areas 303
7.4.4.2. Cartogram mapsThe choropleth maps shown in Figures 7.23 to 7.39 provide a standard geographicalrepresentation of the UK, and the OAs and SAs they contain. A drawback of this type ofvisualisation is that it does not distinguish between more densely populated urban areasand less densely population rural areas. This results in a visual domination of the mapby the ‘Rural Residents’ 2011 OAC Supergroup because it happens to representpredominantly rural areas. In total it covers 87% of the UK’s total land mass, yetrepresents only 11.6% of the UK’s population. This discrepancy is caused by the OA andSA minimum population threshold values as discussed in Section 3.3.1. It was necessaryfor such a wide area to be incorporated to meet this minimum value. This imbalance wasaddressed utilising a density equalising cartogram to modify the areal units to reflecttheir resident population (Gastner and Newman, 2004).
A density equalising cartogram changes the size and shape of an areal unit based onanother attribute. In the case of the 2011 OAC this was the total population of each OAand SA as recorded in the 2011 UK Census. Each OA and SA was resized so that thosewith the highest resident population would become larger, and those with lowerpopulations would become smaller. To guarantee some geographic stability with thefinal outcome, the neighbours of each OA and SA remained the same after the processwas complete, with no new neighbours or gaps being added. The outcome of this processis shown in Figure 7.40. Two aspects from the map are particularly striking: firstly theincrease in the relative sizes of the urban areas in comparison to the choropleth maps;and secondly the prominent difference in population sizes between England and the restof the UK. The dominance of urban areas, and in particular London, make it a lot easierto identify the spatial patterning of the Supergroups found in these areas, even if thegeographic integrity of the choropleth maps has been lost.
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Figure 7.40: Cartogram map of the 2011 OAC Supergroups
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Undoubtedly the cartogram technique does re-address the rural/urban divide that existsin the 2011 OAC in regard to population representation. However, in making the urbanareas more prominent, the geographic accuracy of the map is reduced. In order topreserve the size and shape of an OA or SA, another is significantly altered. Although theoutline of Figure 7.40 resembles the UK, the land mass has become a blur of stretchedand squeezed OAs and SAs. Despite the technique retaining an element of geographicstability, no locations, outside of the major urban centres, can be identified. For example,towns and cities on the south coast of England become almost lost due to their relativelysmall size in comparison to London. The key benefit of the cartograms in comparison tothe choropleth maps is that they provide a better visual representation of the UK’s eightSupergroups, rather than being dominated by the ‘Rural Residents’ Supergroup.However, their use is limited when seeking to understand spatial patterns of clusteringoutside of London.
7.4.4.3. Building mapsThe geographic simplicity offered by a choropleth map and the ability of the cartogramto distinguish between urban and rural areas are two positive elements of using thesetechniques to map the 2011 OAC. However, both types of maps represent an entire OAor SA in the same way irrespective of the number of households that are present withinit. The 2011 UK Census dataset, from which the 2011 OAC is constructed, was based onCensus returns completed per household. As such, the mapping of locations solely wherethese households are found is an opportunity to discard other amenities found in OAs orSAs, such as allotments or parks. This was achieved through the incorporation of thebuilding layer from the ‘OS VectorMap District’ dataset. The assignment of each buildingto an OA allowed for the visualisation of individual buildings. Figure 7.41 shows astandard choropleth representation of the 2011 OAC Supergroups in London. Figure7.42 is the same representation but here only the buildings are coloured.
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Figure 7.41: Choropleth map of the 2011 OAC Supergroups in London
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307Figure 7.42: Building map of the 2011 OAC Supergroups in London
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In contrasting the two maps of London it becomes clear how features hidden by achoropleth map are revealed when only the buildings are represented. A number ofLondon’s parks are clearly visible, and so are places like Lea Valley. It also becomesapparent that there are rural areas in the outer London Boroughs. In the choropleth map(Figure 7.41), areas of ‘Rural Residents’ were few in number but clearly identifiable. Inthe building map (Figure 7.42), they become almost invisible, revealing how sparselypopulated these areas are in comparison to the inner London Boroughs. Figure 7.43contrasts the choropleth map and building map in central London. At this level individualroads can be identified, along with Buckingham Palace. It also identifies a current flawwith the technique, namely that no distinctions are made between residential andcommercial property. Figures 7.42 and 7.43 visualise all buildings indiscriminately,irrespective of their use. This leads to a commercial building being assignedcharacteristics based on a residential population. The other issue of assigning a singlebuilding to a Supergroup, Group or Subgroup is that it can be implied that theclassification has been constructed at the building level, rather than OA or SA level. Anyattempts to clarify this on the map itself, by adding OA boundaries for example, wouldcreate clutter and make the visualisation more complicated to use.
Preventing a user from misinterpreting a map can be a challenging task and this is aparticular issue for the building maps of London. They lend themselves to beinginappropriately compared with Charles Booth’s visualisations of deprivation andpoverty (as detailed in Section 2.3) because they are mapping similar entities. This canlead to misinterpretation, as despite the similar appearance, the building maps do notoffer the same level of detail as Booth’s work, they simply provide an alternative tochoropleth and cartogram maps. Geographic integrity is maintained, but the higherpopulation densities in urban areas becomes apparent. At a national level this form ofvisualisation is better suited to being provided as online interactive map. The lack ofbuildings (when compared to towns and cities) means that large areas of the UK’scountryside are left blank. Although the mapping of buildings is not necessarily the bestway to visualise the 2011 OAC for all users, it provides a more useful alternative to astandard choropleth map than that offered by a cartogram. It is however likely that eachvisualisation method discussed will be favoured by different users of the 2011 OAC, withthis dependent on their intended use for the classification.
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7.4.5. Other OutputsIn addition to the descriptive and visual outputs of the 2011 OAC, other data will be madeavailable once the classification is released by the ONS. The cluster outputs of theclassification will be made available as a comma-separated values (CSV) file. It is a non-proprietary data format that can be read by multiple software packages, such asMicrosoft Excel, SPSS and OpenOffice. This CSV file will contain all of the OAs and SAs forthe UK and which Supergroup, Group and Subgroup they have been assigned to. Withthis CSV file a user will also be able to input the file into a geographic information system,such as ArcGIS or the open source alternative, Quantum GIS, and explore theclassification for themselves. In these circumstances they would need to link CSV file toan ESRI shapefile, a file type used to represent geospatial vector data such as digitalboundaries, which are made freely available by the respective statistical bodies forEngland and Wales, Scotland and Northern Ireland.
Perhaps the most important additional output from the 2011 OAC will be the R code thatwas developed. Once the classification has been released by the ONS, all of the code thatwas used in the creation of the 2011 OAC will be published towww.github.com/geogale/2011OAC. This will comprise of four main components:
1. The code used to convert, transform, standardise and cluster the dataset.2. The code used to produce the numerous outputs of the clustering.3. The code used to perform the WCSS analysis by clustering a datasetmultiple times and the removal of a different variable each time4. The code used to try and ascertain the number of clusters present withina dataset.
This should provide the basic framework for anyone wishing to either recreate the 2011OAC or create a bespoke geodemographic classification of their own. The release of thiscode will be a key distinguishing factor between the 2001 OAC and the 2011 OAC. Itmakes the processes that were used more transparent and provides an opportunity forcritical evaluation of one of the core components of the project.
7.5. ConclusionThe chapter has explained how the methodology outlined in Chapter 6 was applied inthe creation of the 2011 OAC. The process of creating the 2011 OAC followed a number
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of steps to guarantee an optimum result. Firstly, a number of initial variables to beconsidered for use in the classification were selected. This initial selection wassubsequently significantly reduced to identify key variables to best describe thepopulation characteristics of the UK, either by the removal or merging of variables. Thesedecisions were made based on a combination of quantitative analysis and logicaldecision making processes to guarantee that the final variable selection was optimal forcreating a good general purpose geodemographic classification.
The creation of a dataset comprising of the finalised set of variables led to theidentification of the optimum methods of converting, transforming and standardisingthe dataset. A total of 27 different permutations were created from the three ratecalculation techniques, three transformation techniques and three standardisationtechniques used. Of these 27 datasets, 23 were discarded leaving four to undergo testingto identify the optimum method. Again, through the use of quantitative methods andlogical deduction, a final dataset was identified as optimum. This led to the creation of ahierarchical classification structure, with 8 Supergroups, 26 Groups and 76 Subgroupsbeing considered the ideal number of clusters to form the 2011 OAC. To complete theprocess of creating this new geodemographic classification, a number of outputs wereproduced. The descriptive and visual outputs provide the public interface to the 2011OAC, distinguishing the 2011 OAC from being solely an output of cluster analysis, tobeing a fully functional geodemographic classification. An additional output was theproposed release of the R code that was used in the construction of the classification,contributing to the fully open nature of the geodemographic classification.
The creation of the 2011 OAC can be considered to be a success from a technical point ofview. The methodology outlined in Chapter 6 functioned in both producing expectedoutputs which correlated with expectations, and in testing a more comprehensive set offactors in comparison to the methodology of the 2001 OAC. This does not howeverguarantee that the 2011 OAC will perform as expected. The overall success of the 2011OAC can only really be judged by whether the users find it useful, and for this to happenit needs to meet their expectations. Expectations will vary between users, but a corecomponent will be if the 2011 OAC names and pen portraits match a user’s knowledgeof an area. This basic premise of geodemographics would dictate that this will nothappen for every OA and SA across the UK, but it should be expected that the 2011 OACwould match the reality of an area more often than not. As such, the evaluation of the2011 OAC forms a core component of its construction. Assessment of different aspects
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of the classification are discussed in Chapter 8; only after completion of this evaluationphase can the construction of the 2011 OAC be completed.
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Chapter 8Validation of the 2011 AreaClassification for Output Areas
8.1. IntroductionThe process for validating the 2011 Area Classification for Output Areas (2011 OAC) canbe divided into categories: variable specification; cluster assignment certainty;homogeneity; changes between 2001 and 2011 and ground-truthing. Section 8.2 detailshow the final 60 variables used to construct the 2011 OAC performed when clustered.The use of within-cluster sum of squares (WCSS) analysis is used to determine thesensitivity of the 2011 OAC to individual variables. Section 8.3 explores the certainty ofthe cluster assignments to each Output Area (OA) and Small Area (SA) in the UK with theuse of squared Euclidean distance (SED) values. This also allowed the propensity foreach OA and SA to belong to the other Supergroups of the 2011 OAC to be assessed,highlighting the classification’s fuzzy characteristics. Section 8.4 explores the further useof SED values to assess the level of homogeneity present within the 2011 OAC. Analysiswas performed between the different hierarchical levels of the 2011 OAC, the differentgeographic areas and between individual Supergroups. This allowed for theidentification of both areas in the UK and specific clusters, which contained moredivergent population characteristics.
Section 8.5 details how changes that have occurred in the UK since 2001 have beenincorporated into the 2011 OAC. A comparison of how change in the built environmentalong with social change over the past decade is performed by contrasting the 2011 OACwith the 2001 OAC in specific regions of the UK. Section 8.6 provides details of a ground-truthing exercise where participants visited certain areas in London to assess whetherthe assigned 2011 OAC Supergroup offered the best representation. Finally, Section 8.7concludes by discussing the results of the validation exercises and implications for theoverall robustness of the 2011 OAC and the consequences for users of the classification.
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8.2. Variable specificationLorenz curves and Gini Coefficients can be used to assess how well each variableperforms in terms of categorising the UK’s population. A Lorenz curve (Lorenz, 1905) isa commonly used graphical method of summarising the inequalities in the distributionof income and wealth (Arnold, 2008; Kakwani, 2010); and the Gini Coefficient (Gini,1912) is a measure of statistical dispersion.
Lorenz curves and Gini Coefficients were repurposed to analyse the disparity betweenthe assignment of a variable to each of the Output Areas (OAs) and Small Areas (SAs)across the UK. Figure 8.1 shows the Lorenz curves for each of the 60 variables that wereused to construct the 2011 OAC. The diagonal black line represents an equal distributionof variables across all of the OAs and SAs in the UK. The values on the X-axis representthe percentage of OAs and SAs that have been assigned to each variable, and the valuesin the Y-axis are the total percentage of OAs and SAs in the UK. The closer the curve is tothis black line, the greater equality that variable demonstrates in terms of representationacross the whole of the UK.
Figure 8.1 provides a clear visual indication of the level of disparity that exists betweenthe 2011 OAC variables. The variables ‘Persons who are white’ and ‘Employed personsaged between 16 and 74 who work full-time’ are the two most evenly distributedvariables across the UK. It is indicated that nearly 100% of the UK’s OAs and SAs containpersons who correspond to these variables. Conversely, ‘Persons living in a communalestablishment’ is the most unevenly distributed variable in the 2011 OAC, with 100% ofthe variable’s occurrence being found in less than 10% of the UK’s OAs and SAs. Othernotable examples of variables that have unequal distributions are ‘Persons who areAsian/Asian British: Bangladeshi’ along with the Pakistani equivalent, ‘Households withfull-time students’ and ‘Employed persons aged between 16 and 74 who work in theagriculture, forestry or fishing industries’.
Gini coefficients provide a summary statistic of the equality of distribution for eachvariable. A lower Gini Coefficient represents a more equal distribution of the variable; avalue of 0 would indicate complete equality in the distribution of a variable across theUK, with values closer to 1 indicating an increasing level of inequality in theirdistribution. Figure 8.2 plots the Gini Coefficients for each of the 2011 OAC’s 60 variables.
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Figure 8.1: Lorenz curves for the 2011 OAC variables
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Figure 8.2: Gini Coefficients for the 2011 OAC variables
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Gini coefficients offer a quantitative method for comparison of the distribution ofvariables that is not achievable through the visual representation provided by the Lorenzcurves. The mean Gini Coefficient for the 2011 OAC variables is 0.27. Out of the total 60variables, 41 have a below average level of inequality in their distributions. The resultsfor each variable are shown in Table D.1 in Appendix D.
The distribution of variables across the UK is of significance for the interpretation of the2011 OAC clusters. All variables have complete coverage of the UK, albeit in someinstances with zero values. As such, not every OA or SA in the UK is guaranteed to containa value above zero for each of the variables used to construct the 2011 OAC. The meanGini Coefficient of 0.27 indicates that, on average, the total occurrences of a variable inthe UK are found in 73% of the OAs and SAs. This can cause certain variables to bemisleading in their comparison with other variables in a cluster. For example, variableswith high Gini Coefficients, such as ‘Persons living in a communal establishment’, with avalue of 0.91, will only represent 9% of OAs and SAs in the UK. In comparison, the‘Employed persons aged between 16 and 74 who work full-time’ variable has a GiniCoefficient of 0.01, meaning it is represented in 99.9% of the UK’s OAs and SAs.
The existence of zero values for the majority of variables results in an inconsistency inthe 'national mean' for each variable, which is particularly prominent at the Supergrouplevel. The distribution of a variable such as, ‘Households with full-time students’, forexample, is more likely to be spatially clustered around universities in the UK. As such,the mean of this variable does not reflect the geographical unevenness of its distributionacross the UK, but rather the limited geographic locations where this variable isdistributed. Therefore, comparison of this 'national mean' with that of a variable withmore even geographic coverage such as ‘Persons who are white’, does not reflect thecontrasting coverage and the subsequent differences in the UK’s population representedby each.
There is no way to distinguish whether a cluster contains a below average or a zero valueof a variable. The zero values on radial plots for example are relative to a mean value,and not necessarily an indication that clusters do not contain a particular variable. TheLorenz curves and Gini Coefficients of the 2011 OAC variables allow for the identificationof variables that are likely to exhibit a highly uneven distribution. However, the visualand statistical overview provided by Lorenz curves and Gini Coefficients are insufficientto identify the geographic location and concentration of variables. For interpretative
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purposes it is important to determine whether variables are unevenly spatially clusteredor are distributed more equally across the UK. It is therefore necessary to utilise a toolsuch as the ‘2011 Census Open Atlas’ created by Dr Alex Singleton (and available fromwww.alex-singleton.com/Open-Atlas/), which provides a convenient method ofmapping the distributions of the variables. In conjunction with the Lorenz curves andGini Coefficients, a detailed logical analysis of the specification of the 2011 OAC variablescan be completed.
Although the Lorenz curves and Gini Coefficients do not incorporate a spatial componentinto their outputs, they allow differences in the 2011 OAC variable distributions to beidentified. This allows each variable to be individually assessed on the impact it has onthe creation of the 2011 OAC. These techniques provide additional insight into theformation of the classification, and how differences in variable distribution impactinterpretation of the final clusters.
In addition to the Lorenz curves and Gini Coefficients, the within-cluster sum of squares(WCSS) analysis technique (as described in Section 6.6.3), can be used to assess theperformance of the 2011 OAC variables when clustered in the final solution. Figure 8.3shows the result of the WCSS analysis on the 2011 OAC variables. It indicates that theclassification is particularly sensitive to variables in the ‘Housing’ domain, and five inparticular:
 ‘Households who live in a flat’
 ‘Households who live in a terrace or end-terrace house’
 ‘Households who are social renting’
 ‘Households who live in a detached house or bungalow’
 ‘Households who live in a semi-detached house or bungalow’
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319Figure 8.3: WCSS analysis on the 2011 OAC Variables(See Table 7.3 for variable names)
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Similar to reasons discussed in Section 7.2.2.2, housing variables appear to be moresusceptible to adversely impacting cluster homogeneity when clustered as part of a largemultivariate dataset. The 2011 OAC is likely to be sensitive to the five variables identifiedbecause of the way in which they interact with other variables. The simplistic nature ofcategorising types of housing into a small number of groups has an impact on theirinteraction with other characteristics of the population. The characteristics of differentsections of the population in the UK may differ greatly, but they can become linked whenthey are prevalent within the same type of housing. As a result, the final clusters of the2011 OAC are less homogenous than if these five variables had been excluded.Additionally, the widely divergent characteristics of a housing type make it difficult for aclustering algorithm to identify commonality with other variables.
Aside from those in the ‘Housing’ domain, the variation in WCSS value demonstrated forthe remainder of the 2011 OAC variables is less severe. This suggests that whilst eachvariable does have an impact on the overall homogeneity of the final clusters, theirpresence is less significant on the 2011 OAC. It can therefore be concluded that from aclustering perspective, the variables have performed well.
Evidence from the Lorenz curves, Gini Coefficients and WCSS analysis suggests thatwhilst the distributions of the 60 selected variables may have differed and although someof the clusters were not as homogenous as they could have been, the result of theirinteractions across the UK led to the distinct nature of the 8 Supergroups, 26 Groups and76 Subgroups discussed in Section 7.4. The clustered variables have additionally allowedfor unique names and pen portraits to be formed for each cluster. This suggests that theyperformed well in helping to create a unique and dynamic clustering solution. Theoverall performance of the variables is therefore linked to the overall performance of the2011 OAC, which cannot be assessed until it has been released and actively used.
8.3. Cluster assignment certaintyThe assignment of any OA or SA in the UK to one of the 8 Supergroups, 26 Groups or 76Subgroups is based on the squared Euclidean distance (SED) value calculated as part ofthe k-means clustering algorithm. As discussed in Section 6.2, the SED is a dissimilaritymeasure; the larger the SED value for each OA or SA, the more dissimilar it is to thecluster centroid (the average characteristics of that cluster’s population). Therefore, theSupergroup assigned to each OA or SA is determined by the smallest SED value.
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The extent to which the SED values for the Supergroups assignments differ provide aproxy measure of uncertainty. The reasoning behind the assignment of a Supergroup toan OA or SA can be split into two categories. Firstly, the assignment offered the bestrepresentation. For example, in a rural location the resident population is so distinctfrom residents in urban areas, that the ‘Rural Residents’ Supergroup is likely to be theonly assignment with a low SED value. As a consequence there is greater certainty in thecluster assignment.
Secondly, a Supergroup will be assigned to an OA or SA because it offers greater benefitsthan those of other assignment options. This rationale is more likely to apply to urbanareas, where within a single OA or SA a great deal of variation in the populationcharacteristics can be found. This variation causes difficulties in clustering algorithms asan area does not obviously belong to any one pre-existing cluster. Instead, the area isassigned to the least bad option. The resulting SED value will therefore be higher,indicating that the characteristics of the area conform less to the cluster average. Thisleads to an increased possibility that characteristics of the area share commonalties withother Supergroups, which causes distinctions between them to be less significant.
Figure 8.4 is an equalising density cartogram map of the SED values for the OAs and SAsassigned to each 2011 OAC Supergroup in the UK, with each OA and SA reflecting theirtotal population in 2011. The darker the colour the higher the level of uncertaintyrepresented. A distinct spatial pattern is revealed; notably it appears that theSupergroup assignment for Scotland is a great deal more uncertain in comparison to therest of the UK. On average, the mean SED value for the OAs assigned to Supergroups inScotland is 1.13, compared to 0.86 for the rest of the UK. There are pockets of greateruncertainty across other parts of the UK, notably in urban areas, but these are on asmaller scale compared to Scotland. This disparity in uncertainty found in Scotland isdue to the comparatively large size of England’s population in comparison to the rest ofthe UK. England has 84% of the UK’s population, which results in the characteristics ofthe 2011 OAC clusters being predominantly based on the characteristics of the Englishpopulation. Scotland, Wales and Northern Ireland are therefore classified on the basis ofhow similar they are to the average English characteristics. The greater certainty in thecluster assignments for Wales and Northern Ireland implies that they share more similarpopulation dynamics with England than Scotland does.
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Figure 8.4: Certainty of the 2011 OAC Supergroup assignment across the UK
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This greater uncertainty in Scotland is nationwide, but it is notable that the rural areasof the country are distinctly different to equivalent areas in the rest of the UK. Thisconclusion can be reached by looking at the fuzzy characteristics of the classification. Asdiscussed in Section 6.8.1.5, the concept of fuzzy classification is based on an area havingproportional membership to all of the final clusters, rather than belonging to only one.Although the 2011 OAC is not explicitly a fuzzy classification, utilisation of the k-meansclustering processes permits the exploration of the 2011 OAC’s fuzzy characteristics.
In addition to assessment of the extent to which an OA or SA contains the characteristicsof its assigned Supergroup, the SED value also assesses alternative Supergroups. FiguresD.1 to D.8 in Appendix D visualise the propensity for each OA and SA in the UK to conformto each of the eight 2011 OAC Supergroups. The darker shading suggests that those areasconform more closely to the pen portraits of each cluster (see Appendix C). Figure D.1clearly shows that the areas in Scotland conform less to the average characteristics ofthe ‘Rural Residents’ Supergroup. However, the rural areas in Scotland have a greatersimilarity to this Supergroup than any of the alternatives, hence why they are assignedto it. The extent to which Scotland’s rural areas actually differ to the remainder of theUK, is a result of the differences in the creation of the OA geography (as discussed inSection 8.4). Assignment to OAs in Scotland is therefore more uncertain.
Whilst visually prevalent in Figure 8.4, the level of uncertainty seen in Scotland for theassignment of Supergroups, represents a relatively small proportion of the UK’spopulation. The smaller population size of Scotland (just over 8% of the UK’s total), isnot large enough to fundamentally change the average characteristics of the Supergroupfor the whole of the UK. If the ‘Rural Residents’ Supergroup were to be made morerepresentative for Scotland, it would increase levels of uncertainty for the remainder ofthe UK.
The larger the geographic extent of a geodemographic classification, the greater thenumber of unique areas covered as part of the process. This leads to a decrease in thecertainty of the cluster assignment as it becomes increasingly difficult to findcommonalities between the different locations. Utilisation of the SED values allow thesedifferences and inherent uncertainties to be identified, and the extent to which areas thatdo not share the same cluster assignment are similar can be recognised. This increasedknowledge of an area or region can provide a greater context into how the dynamics atthe small area level influence the whole classification.
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The research undertaken by Slingsby et al. (2011) analysing SED values from the 2001OAC, concluded that certain areas in the UK shared similarities with multipleSupergroups, whilst others only had the dominate characteristics of one Supergroup.This pattern can also be identified within the 2011 OAC. The ‘Constrained City Dwellers’Supergroup in London is only assigned to 1.12% of the capital’s OAs. Yet based on FigureD.7, it would appear that a larger number of OAs actually share similar characteristics,especially towards the east of the city. A further example can be demonstrated by the‘Ethnicity Central’ Supergroup in Glasgow. It is only assigned to 7.27% of the city, yetwhen viewing Figure D.3, it becomes clear that a large number of OAs in the Glasgowregion share many characteristics with the Supergroup.
The examples from London and Glasgow can be seen visually at a national level. Similarpatterns are also likely to be prevalent at the neighbourhood level, providing a greaterunderstanding to the dynamics of the 2011 OAC at this scale. Without exploring the fuzzycharacteristics of the classification, such patterns would go unnoticed. The SED valuesallow areas of greater uncertainty in a cluster assignment to be identified. The values canalso demonstrate that the complexity of a geodemographic classification can be lostwhen each area is only assigned a single simplified cluster. SED values additionally allowfor the creation of a de facto fuzzy classification. This ultimately provides a betterknowledge of the population dynamics of the UK.
8.4. Homogeneity of the 2011 OACSection 8.3 detailed how SED values calculated for individual OAs or SAs can be utilisedfor analysis of the relative centrality of their cluster assignments. However, instead ofdetailing the certainty of the 2011 OAC as a whole, the classification can be analysed froma number of different perspectives to examine the variation that exists in this certainty.These include exploration of the variations between: the three different hierarchicallevels of the classification; individual clusters; and geographic areas.
8.4.1. Homogeneity between hierarchical levelsAn aim of the 2011 OAC was to have as homogenous clusters as possible whilst providingthe best geographical representation across the UK. In total, each OA and SA in the UKwas assigned three SED values, one for each level of the 2011 OAC hierarchy. Table 8.1
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details the statistical overview of the variation in SED values across each of the threehierarchical levels. The maximum and minimum SED values recorded remain consistentacross the different hierarchical levels. There is also consistency in the number of OAsand SAs with values above and below the respective mean SED values. The frequency ofthe SED values calculated for each OA and SA is shown in Figure 8.5. The majority of SEDvalues for all three levels of the hierarchy range from 0.4 to 1.6. A long tail can howeverbe identified for each of the hierarchies, with each distribution being positively skewed,indicating that there are areas with comparatively high SED values.
The average cluster homogeneity does however increase as you move down the 2011OAC hierarchy. While this is an expected result, as discussed in Section 7.3.1, it does notsignify that the level of homogeneity between individual clusters remains consistent.
Table 8.1: 2011 OAC hierarchy SED values overview
Supergroups Groups Subgroups
Maximum SED value 3.16 3.06 2.98
Minimum SED value 0.37 0.35 0.30
Mean SED 0.91 0.85 0.80
Number of OAs and
SAs below mean 57.3% (133,054) 57.5% (133,448) 58.2% (135,156)
Number of OAs and
SAs above mean 42.7% (99,242) 42.5% (98,848) 41.8% (97,140)
(Counts are in brackets)
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Figure 8.5: Frequency of 2011 OAC hierarchy SED values
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Table 8.2 details the SED values for each the 2011 OAC clusters. The values indicate thatthe ‘Rural Residents’ Supergroup is the most homogenous, despite the disparity withareas in Scotland, as discussed in Section 8.3. The ‘Cosmopolitans’ Supergroup has thelowest level of homogeneity, an indication that there is greater variance in thepopulation characteristics in the areas classified as this cluster. As discussed in Section7.3.2, although the values for each Supergroup can be directly compared, the values ofthe Groups and Subgroups cannot be. Groups and Subgroups can only be compared toeach other when they are formed from the same parent Supergroup or Group. Althoughit is not possible to compare all 26 Groups or 76 Subgroups together, the homogeneityof clusters at these levels derived from their parent Supergroup can be analysed. TheSED values should decrease as you move down the hierarchy, although there are someexceptions to this. In total 6 Groups and 16 Subgroups have higher SED values than theirparent Supergroup or Group, suggesting a small proportion of clusters are lesshomogenous in the middle and lower tiers of the 2011 OAC.
Table 8.2: 2011 OAC SED values per cluster
Supergroup SED Group SED Subgroup SED
1 - RuralResidents 0.82
1a - FarmingCommunities 0.79 1a1 - Rural Workers and Families 0.801a2 - Established Farming Communities 0.661a3 - Agricultural Communities 0.741a4 - Older Farming Communities 0.841b - Rural Tenants 0.74 1b1 - Rural Life 0.691b2 - Rural White-Collar Workers 0.661b3 - Ageing Rural Flat Tenants 0.781c - Ageing RuralDwellers 0.85 1c1 - Rural Employment and Retirees 0.881c2 - Renting Rural Retirement 0.751c3 - Detached Rural Retirement 0.78
2 - Cosmopolitans 1.19
2a - StudentsAround Campus 1.07 2a1 - Student Communal Living 1.122a2 - Student Digs 0.942a3 - Students and Professionals 0.912b - Inner-CityStudents 1.15 2b1 - Students and Commuters 1.142b2 - Multicultural StudentNeighbourhoods 1.052c - ComfortableCosmopolitans 1.12 2c1 - Migrant Families 0.972c2 - Migrant Commuters 1.122c3 - Professional ServiceCosmopolitans 1.092d - Aspiring andAffluent 0.91 2d1 - Urban Cultural Mix 0.882d2 - EU White-Collar Workers 0.782d3 - Highly-Qualified QuaternaryWorkers 0.86
3 - EthnicityCentral 0.98
3a - Ethnic FamilyLife 0.86 3a1 - Established Renting Families 0.813a2 - Young Families and Students 0.833b - EndeavouringEthnic Mix 0.85 3b1 - Striving Service Workers 0.733b2 - Bangladeshi Mixed Employment 0.773b3 - Multi-Ethnic Professional ServiceWorkers 0.84
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Supergroup SED Group SED Subgroup SED
3 - EthnicityCentral 0.98
3c - EthnicDynamics 1.12 3c1 - Constrained Neighbourhoods 1.003c2 - Constrained Commuters 1.233d - AspirationalTechies 0.80 3d1 - Established Tech Workers 0.803d2 - Old EU Tech Workers 0.723d3 - New EU Tech Workers 0.72
4 - MulticulturalMetropolitans 0.97
4a - Rented FamilyLiving 0.87 4a1 - Social Renting Young Families 0.804a2 - Private Renting New Arrivals 0.874a3 - Commuters with Young Families 0.774b - ChallengedAsian Terraces 0.92 4b1 - Asian Terraces and Flats 0.834b2 - Pakistani Communities 0.914c - Asian Traits 0.90 4c1 - Achieving Minorities 0.874c2 - Multicultural New Arrivals 0.754c3 - Inner City Ethnic Mix 0.84
5 - Urbanites 0.91
5a - UrbanProfessionals andFamilies 0.85
5a1 - White Professionals 0.745a2 - Multi-Ethnic Professionals withFamilies 0.815a3 - Families in Terraces and Flats 0.845b - Ageing UrbanLiving 0.91 5b1 - Delayed Retirement 0.925b2 - Communal Retirement 0.895b3 - Self-Sufficient Retirement 0.78
6 - Suburbanites 0.84
6a - SuburbanAchievers 0.86 6a1 - Indian Tech Achievers 0.826a2 - Comfortable Suburbia 0.796a3 - Detached Retirement Living 0.766a4 - Ageing in Suburbia 0.836b - Semi-DetachedSuburbia 0.77 6b1 - Multi-Ethnic Suburbia 0.786b2 - White Suburban Communities 0.696b3 - Semi-Detached Ageing 0.706b4 - Older Workers and Retirement 0.73
7 - ConstrainedCity Dwellers 1.07
7a - ChallengedDiversity 0.88 7a1 - Transitional Eastern EuropeanNeighbourhoods 0.907a2 - Hampered Aspiration 0.837a3 - Multi-Ethnic Hardship 0.787b - ConstrainedFlat Dwellers 1.17 7b1 - Eastern European Communities 1.107b2 - Deprived Neighbourhoods 1.227b3 - Endeavouring Flat Dwellers 1.067c - WhiteCommunities 0.93 7c1 - Challenged Transitionaries 0.887c2 - Constrained Young Families 0.917c3 - Outer City Hardship 0.877d - Ageing CityDwellers 1.21 7d1 - Ageing Communities and Families 1.027d2 - Retired Independent City Dwellers 1.177d3 - Retired Communal City Dwellers 0.987d4 - Retired City Hardship 1.64
8 - Hard-PressedLiving 0.83
8a - IndustriousCommunities 0.75 8a1 - Industrious Transitions 0.698a2 - Industrious Hardship 0.768b - ChallengedTerraced Workers 0.82 8b1 - Deprived Blue-Collar Terraces 0.738b2 - Hard-Pressed Rented Terraces 0.838c - Hard-PressedAgeing Workers 0.76 8c1 - Ageing Industrious Workers 0.698c2 - Ageing Rural Industry Workers 0.798c3 - Renting Hard-Pressed Workers 0.738d - Migration andChurn 0.77 8d1 - Young Hard-Pressed Families 0.728d2 - Hard-Pressed Ethnic Mix 0.718d3 - Hard-Pressed European Settlers 0.74
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Decreasing homogeneity as you move down the hierarchies of the 2011 OAC isundesirable. An example shown in Table 8.2 from the ‘Constrained City Living’Supergroup indicates that the ‘Ageing City Dwellers’ and ‘Flat Dwellers’ Groups are lesshomogenous than their parent Supergroup. In addition, the ‘Retired City Hardship’ and‘Deprived Neighbourhoods’ Subgroups are even less homogenous than their respectiveparent Group. This has occurred in these clusters due to the large variation in thecharacteristics of the resident population. Detection of any consensus within theseclusters is difficult, and identification of these specific characteristics would involve amore in-depth knowledge of an area which statistics alone cannot provide.
In other instances, a decrease in the SED values as you move down the hierarchy is anindication of the clusters becoming increasingly distinctive as fewer OAs and SAs getassigned to them. However, clusters with higher SED values than their parentSupergroup or Group are not necessarily less representative. Although there will begreater variation within the population, the names and pen portraits attached to theseclusters will still provide a better representation of each area when compared to theirparent Supergroup or Group.
Analysis of the SED values as you move down the classification hierarchy providesevidence to identify the extent to which residents classified into any particular clusterwill vary from the ‘average’ characteristics of the cluster. This can be further developedto look at the geographical distribution of homogeneity within clusters and identificationof any regions or countries in the UK that are more likely to have OAs or SAs assigned toatypical 2011 OAC Supergroups.
8.4.2. Homogeneity between clusters and geographical areasFor the purpose of analysing cluster homogeneity, any OA or SA with a SED value of over1.5 for their Supergroup assignment is considered to be an outlier. This threshold valuewas also used for a similar study with the 2001 OAC (Vickers, 2006). Table 8.3 detailsthe number of OAs and SAs that can be considered as outliers for the different regions inEngland and Wales, Scotland and Northern Ireland. On average, 1 in every 44 of the UK’sOAs and SAs can be considered to be an outlier. This concentration does vary betweenlocations, from 1 in every 13 in Scotland, to 1 in every 349 in Northern Ireland. Acrossthe UK, 66.3% of the OAs and SAs classified as outliers are found in Scotland, comparedto London which only accounts for 3.2%.
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Table 8.3: 2011 OAC outliers by English Regions, Wales, Scotland and Northern Ireland
English Regions, Wales,
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East Midlands 208 3.94% 14,706 1.41 308 0.86East of England 152 2.88% 18,995 0.80 308 0.84London 168 3.18% 25,053 0.67 326 0.96North East 73 1.38% 8,802 0.83 295 0.82North West 251 4.75% 23,343 1.08 302 0.85Northern Ireland 13 0.25% 4,537 0.29 399 0.83Scotland 3,500 66.28% 46,351 7.55 114 1.13South East 275 5.21% 27,638 1.00 312 0.85South West 160 3.03% 17,644 0.91 300 0.83Wales 68 1.29% 10,036 0.68 305 0.82West Midlands 174 3.29% 17,916 0.97 313 0.87Yorkshire and the Humber 239 4.53% 17,275 1.38 306 0.86
UK 5,281 100% 232,296 2.27 272 0.91
The disparity between Scotland and London is of particular interest due to the uniquestatus of London within the UK (Sassen, 2001). This would suggest that the residentpopulation of London would be equally unique and therefore less likely to conform tothe average 2011 OAC Supergroup characteristics. The reasoning behind this disparityis a result of two factors. Firstly, a different methodology was utilised in the creation ofthe Census geography in Scotland in comparison to the remainder of the UK. As discussedin Section 3.3.1, the design of OAs in Scotland was focussed on ensuring that urban andrural locations were not mixed together, rather than ensuring social homogeneity, as wasapplied to other areas of the UK. Additionally, the application of different minimumthresholds for population and households generated more OAs in Scotland than if themethodology used for the remainder of the UK had been applied.
The difference in methodologies results in Scotland’s 8.38% of the UK’s populationrepresented as 19.95% of the UK’s OA and SAs. This design of areal units in Scotlandtherefore exacerbates the number of areas classified as outliers. Populationcharacteristics confined to a single OA or SA elsewhere in the UK instead span multiple
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areal units. As these are less socially homogenous in Scotland it therefore makes it morelikely they will be classed as outliers.
Secondly, Scotland contains more outliers than London due to the composition and sizeof its population. The size of London’s population compared to Scotland’s (8.2 million incomparison to 5.3 million), impacts how the clustering algorithm partitions the data. Dueto the greater population concentration in London areas containing characteristics, thatwould elsewhere be classified into pre-existing clusters as outliers, were insteadclustered together to create London-focused Supergroups. For example, 78% of the OAsand SAs classified into the ‘Ethnicity Central’ Supergroup are located in London. As such,London contains such a variation in population characteristics, that the classification isforced to accommodate this through the creation of a London focussed Supergroup.
Identifying the areal units which contain outliers provides a useful perspective on thecertainty of the 2011 OAC Supergroup assignment. It is however also useful tounderstand which Supergroups are more likely to contain outliers. Table 8.4 provides abreakdown of the 5,281 OAs and SAs classed as outliers by their Supergroup assignment.Two Supergroups, ‘Constrained City Dwellers’ and ‘Cosmopolitans’ contain 63.5% of alloutliers in the UK. The SED values would suggest that these are the least homogenousSupergroups, so it can be expected that they contain the most outliers. Table 8.5 showsa cross-tabulation of the outlier results by region/country and Supergroup. It illustratesthat 84.4% of OAs or SAs classified as ‘Constrained City Dwellers’ outliers are located inScotland. As already discussed, there is a greater chance of an OA being classed as anoutlier in Scotland due to the areal unit design. Indeed, with the exception of‘Multicultural Metropolitans’, all other Supergroups have the highest count of outliers inScotland. This Supergroup is the exception as ‘Multicultural Metropolitans’ onlyrepresents 0.38% of OAs in Scotland. However, only 50% and 51% of outliers in the‘Cosmopolitans’ and ‘Urbanites’ Supergroups are found in Scotland. This would suggestthat there are particular population characteristics identified by these clusters that makethem less homogenous. However, as around half the remaining outliers are distributedacross the rest of the UK it is harder to suggest with any certainty what thesecharacteristics may be. Detailed analysis of these remaining areas is impractical due tothe large number involved. Although the utilisation of SED values the analysis ofindividual Supergroup outliers and the geographic variations that exist within these areuseful, these methods are unable to explain why such disparity exists.
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Table 8.4: 2011 OAC outliers by Supergroup
Supergroup
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Rural Residents 301 5.70 27,300 1.10 269 0.82
Cosmopolitans 1,379 26.11 13,125 10.51 241 1.19
Ethnicity Central 369 6.99 11,849 3.11 303 0.98
MulticulturalMetropolitans 223 4.22 23,502 0.95 350 0.97
Urbanites 530 10.04 38,697 1.37 286 0.91
Suburbanites 322 6.10 46,850 0.69 280 0.84
Constrained CityDwellers 1,974 37.38 27,135 7.27 184 1.07
Hard-Pressed Living 183 3.47 43,838 0.42 266 0.83
UK 5,281 100 232,296 2.27 272 0.91
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Table 8.5: 2011 OAC outliers cross-tabulated by English Regions, Wales, Scotland andNorthern Ireland and Supergroup
English Regions,
Wales, Scotland
and Northern
Ireland /
Supergroups
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East Midlands 15 84 12 29 16 14 30 8
East of England 11 30 6 16 34 25 26 4
London 0 100 48 10 5 2 3 0
North East 2 37 5 1 2 3 21 2
North West 2 97 12 50 13 13 60 4
Northern Ireland 0 3 0 0 6 2 2 0
Scotland 215 693 261 25 271 217 1,665 153
South East 19 83 4 21 80 15 52 1
South West 15 41 0 7 56 12 28 1
Wales 1 39 1 1 11 3 11 1
West Midlands 16 64 14 24 12 9 32 3
Yorkshire and theHumber 5 108 6 39 24 7 44 6
UK 301 1,379 369 223 530 322 1,974 183
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There are 103 OAs and SAs considered extreme outliers (those with SED values greaterthan 2.5) at Supergroup level for the 2011 OAC. To determine why they exist, analysis ofthese areas was performed using a combination of satellite imagery and Google StreetView. It was recognised that in a number of cases, the OA contained either a mixture ofresidential and industrial areas or residential and communal establishments. It wasnecessary for residential and industrial areas to be combined within an OA or SA toensure the 2011 OAC gave continuous coverage across the UK. Consequently, locationswhich have no night-time population, such as industrial estates, are grouped in withresidential areas. It is therefore likely that multiple residential areas are incorporatedwith different population characteristics. Similarly, when residential and communalestablishments are combined, divergent population characteristics are grouped togetherwithin a single OA or SA. Figure 8.6 is an example of this, with a care home in Plymouthbeing in the same OA as residential properties. The lack of social homogeneity that existsin this OA and others like it led to these locations being classed as extreme outliers.
There are however significant limitations to the use of aerial imagery and stillphotographs to analyse an area. Primarily, the evaluation is based on the builtenvironment of an area. This is illustrated in Figure 8.7, an example of an extreme outlierfound in an OA in Wokingham, a town in the English county of Berkshire. Based on thesatellite imagery the OA appears to consist of a housing estate which would not look outof place in other towns and cities elsewhere in the UK. Despite this, the area consists ofan extremely divergent population that none of the eight 2011 OAC Supergroupsadequately describes. Further investigation revealed that this OA contains retirementproprieties that can only be bought by those over the age of 55. Similar to Figure 8.6, thisprovides an explanation into the divergent nature of the resident’s characteristics, butunlike Figure 8.6 the presence of retirement only properties is not obvious from lookingat only satellite imagery. In certain cases however, no justification can be found as to whyan OA may be an extreme outlier. Figure 8.8 is of an OA that contains residentialproperties and a cemetery in Kingston upon Hull that is classed as an extreme outlier.However, satellite imagery and Google Street View reveal no obvious reasons why theremay be a lack of social homogeneity. It can therefore be concluded that it would be mostappropriate for the evaluation of the rationale for the homogeneity to be determined bythose with local knowledge; or those able to use additional sources to perform more indepth evaluations.
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335Figure 8.6: 2011 OAC outlier in Plymouth
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Figure 8.7: 2011 OAC outlier in Wokingham
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337Figure 8.8: 2011 OAC outlier in Kingston upon Hull
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The standard geodemographic assignment of a cluster to an areal unit simplifies thecomplexity of the 2011 OAC. Analysis of the homogeneity of the 2011 OAC between thethree hierarchical levels, the individual clusters and the geographic areas, explores thiscomplexity and provides detailed information about the classification and how it wasformed. The extent to which the identification of less homogenous clusters or geographicareas poses an issue for users of the 2011 OAC is dependent on how the classification isused. However, it should be expected that within any population as large as the UK’sthere will always be some areas on the peripheral, and with the release of metadata likeSED values as an accompaniment to the 2011 OAC, these areas can be identified andfurther validation can be performed by users of the classification.
The ability to identify atypicality in the 2011 OAC is relatively straightforward. Statisticsproviding a broad overview, such as ‘2.27% of OAs and SAs assigned to Supergroups areconsidered outliers’, provide a simple way of understanding the merits of the clusteringsolutions, and are particularly useful for comparing the different hierarchical levels.
However, when these statistics are applied at OA or SA level, it is much more difficult toexplain why this atypicality exists within the classification. If a justification for theclassification cannot be found, a fundamental problem with the methodology would beimplied. However, the variation in the levels of homogeneity that exist within the 2011OAC can for the most part be explained. The few instances that cannot be understood aredue to a lack of local knowledge, which cannot be factored in when analysing the levelsof homogeneity across the entire UK scope of the 2011 OAC.
8.5. Changes between 2001 and 2011One of the key validations of the 2011 OAC is how it incorporates the change that hasoccurred in the UK over the last decade. Between 2001 and 2011 the population of theUK increased by 4.1 million, almost 7%, to 63.2 million (ONS, 2012l). This increase willhave undoubtedly had an impact on how the geodemographic characteristics of the UKare represented. The latest expansion of the European Union, which began in 2004, hasled to an increase in the total number of people from outside of the UK eligible to workin the country (Blanchflower and Lawton, 2008). It is estimated that of the total UKpopulation in 2011, 2.7 million (4.27%) were born in other EU countries and 1.1 million(1.74%) of these were born in countries that joined the EU after 2004 (Vargas-Silva,2013).
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The impact of the overall increase in the UK population and the influx of those fromoutside the country is likely to manifest itself in two ways in the 2011 OAC: changes inthe physical environment and changes in the social environment. The physical changesinclude the development of new houses or flat complexes to accommodate the increasingpopulation. The social changes are caused by the influx of individuals from outside theUK coming to the country to live and work, and thereby changing the socialcharacteristics of the location where they settle.
The changes in the physical environment can be simply quantified as they are easilyidentifiable. Figure 8.9 are two satellite images of an area in Basingstoke, a town in theEnglish county of Hampshire. The image on the left is from 2001 and the image on theright is from 2011. The development of two large flat and housing complexes in theintervening years is clearly visible in the central area of the 2011 map. In 2001, the landappears to have been a mixture of light industry and open green spaces. The change inland use and subsequent increase in population is likely to have had an impact on thegeodemographic output of the area. Such developments have been repeated across theUK and are not inherently different to those that took place over previous inter-censalperiods. Changes between old and new geodemographic classifications are therefore notuncommon, but an important part of any new system is ensuring it incorporates thelatest developments.
Figure 8.10 presents a comparison between the 2001 OAC and 2011 OAC for the samearea of Basingstoke. Firstly, it is clear that the number of OAs in 2011 has expanded toreflect the increases in population in the areas with the new housing. Secondly, the 2001OAC classified the areas where the new housing is located and the existing housing to thesouth of it as the same ‘Typical Traits’ Supergroup. This is a result of the previous lack ofresidents in the formerly unpopulated areas in 2001 needing to be incorporated with thepre-existing residential areas to ensure total geographical coverage of the OAs.
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Figure 8 9: Basingstoke in 2001 and 2011
Chapter8–Validationofthe2011AreaClassificationforOutputAreas
341Figure 8.10: The 2001 OAC and 2011 OAC in Basingstoke
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The new 2011 OA boundaries now separate the older residential areas and the newerdevelopments into three different Supergroups. The new housing is classified as‘Cosmopolitans’ and the older residential areas as ‘Urbanities’ (the equivalent cluster to‘Typical Traits’ in the 2001 OAC) and ‘Constrained City Dwellers’. This example showsthat the changes in population and subsequent modifications to the OA (and SA)geography are picked up by the 2011 OAC. In the Basingstoke example, the new housingdevelopments contain populations with sufficiently different characteristics to thosewho live in the more established residential areas. This results in them being assigned todifferent 2011 OAC Supergroups. Not all new developments that have been created inthe UK since 2001 are likely to produce the same clear distinction. It is just as plausiblethat new developments contain populations which are not dissimilar to those in theexisting surrounding housing. In such cases the 2011 OAC is likely to classify the olderand newer areas as the same Supergroup. The extent to which this is true can only beassessed on a case-by-case basis, and will form part of the larger evaluation that users ofthe 2011 OAC will perform when assessing the potential use of the classification for theirneeds.
The social changes that have occurred across the UK are well documented elsewhere(such as 1.74% of the UK’s population in 2011 being individuals born in countries thatjoined the EU after 2004), but the translation of these statistics to their impact onneighbourhoods can be harder to identify. To assess how social changes are manifestedin the 2011 OAC, the city of Southampton in southern England is used as an example.Figure 8.11 shows the distribution of both the 2001 OAC Supergroups and thedistribution of the ‘White Other’ population across the city in 2001. The correlationcoefficient between the ‘White Other’ population and the ‘not born in the UK’ populationis 0.85. The ‘White Other’ population can therefore act as proxy to identify individualsnot from the UK who are white. The ‘White Other’ population for each OA has beencalculated as a percentage of each OAs total population. The ‘White Other’ populationmade up 2.57% of Southampton’s total population in 2001, with a maximumconcentration of 19% been recorded in a single OA. The areas with higher concentrationsof the ‘White Other’ population correlate to the OAs that are assigned to the ‘City Living’Supergroup.
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Figure 8.11: The 2001 OAC Supergroups and Southampton's 'White Other'population in 2001
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The EU expansion has had a significant impact on Southampton, as shown in Figure 8.12,with a large increase in the ‘White Other’ population. In 2011 the ‘White Other’population accounted for 7.37% of Southampton’s total population, a 212% increasefrom 2001. This increase has resulted in the ‘White Other’ population becoming moregeographically disbursed across Southampton. There are now three Supergroups whichaccount for the areas with higher ‘White Other’ densities, ’Cosmopolitans’, ‘MulticulturalMetropolitans’ and ‘Ethnicity Central’, in comparison to the single Supergroup in 2001.All three of these 2011 OAC Supergroups have an above national average number ofpersons born in the newer EU member states.
Unlike the 2001 UK Census, more specific ethnicity outputs from the 2011 UK Censusallows for analysis of subsections of the ‘White Other’ population. Figure 8.13 shows thedistribution of the Polish population in Southampton, and the Groups from the‘Multicultural Metropolitans’ and ‘Cosmopolitans’ 2011 OAC Supergroups. The ‘WhitePolish’ population accounted for 3.22% of Southampton’s total population in 2011, andis found in two concentrated geographic locations in the city. These areas correspond tothe ‘Rented Family Living’ Group to the west and the ‘Comfortable Cosmopolitans’ andstudent oriented Groups in the central areas of Southampton.
No ‘Polish’ variable existed as a category in the 2001 UK Census outputs, but even if ithad, it is unlikely the high concentrations in the white Polish population found in 2011in the western areas of Southampton would have existed in 2001. As shown by the Figure8.11, in 2001 that area of the city had much lower concentrations of the ‘White Other’population. The 2001 OAC classifies these areas as predominately ‘Typical Traits’ and toa lesser extent a mixture of the ‘City Living’ and ‘Constrained by Circumstances’Supergroups. The ‘Typical Traits’ and ‘Constrained by Circumstances’ both have belowthe national average of persons born outside of the UK. As such, it is unlikely that anyarea assigned to these Supergroups would have had a high proportion of the ‘WhiteOther’ population.
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Figure 8.12: The 2011 OAC Supergroups and Southampton's 'White Other'population in 2011
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Figure 8.13: The 2011 OAC Groups and Southampton's 'White Polish' population in2011
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It would appear that since 2001, and most likely since 2004, the increase in the ‘WhiteOther’ population has resulted in certain areas in Southampton becoming moremulticultural. This fact can be evidenced by the assignment of certain OAs to the 2011OAC ‘Multicultural Metropolitans’ Supergroup to areas that previously had a belowaverage ethnic mix. As these assignments correlate with areas that now have a higherconcentration of ‘White Other’ and in particular, ‘White Polish’ populations, is anindication that the 2011 OAC has identified social changes in those areas.
The Southampton example provides evidence that the changing social structures ofneighbourhoods in the UK since 2001 can be identified with the 2011 OAC. Similar to theBasingstoke example however, it only provides evidence for one comparatively smallgeographical area in the UK. As such, it does not guarantee that all social change over thepast decade will be identified.
The suggestion that the Southampton example is therefore not reflective of how the 2011OAC performs with social change across the rest of the UK is difficult to assess withoutwider validation exercises. Similar to the physical changes in the UK, users of the 2011OAC will be best placed to perform more detailed evaluations, based on their localknowledge of the accuracy of the 2011 OAC. It can however be said that based on theexamples from Basingstoke and Southampton, the 2011 OAC appears to be adept atincorporating the change in the physical and social environment of the UK that haveoccurred since 2001.
8.6. Ground-truthingAn important validation exercise for the 2011 OAC was looking at how the differentclusters represent each area. During the construction of the 2011 OAC, great significancewas placed on ensuring that the final clusters were both as evenly distributed as possibleand sufficiently different from one and other. Although these aims were judgedsuccessful, both from a statistical perspective and because the final output lookedvisually representative (Mandelbrot, 1982b), the ability to assess quantitatively whetherthe final clusters were archetypal of an area was more difficult. Therefore, a qualitativeevaluation of areas assigned to different clusters was required to assess whether thecluster names and descriptions adequately summarise the characteristics ofneighbourhoods. This ‘ground-truthing’ of a classification to analyse whether the datacorresponds to the reality of an area has been undertaken in previous studies. Vickers
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and Rees (2011) detail the more expansive measures undertaken with the 2001 OAConce it had been released to a wide user base. At the time of writing, the 2011 OAC hasyet to be released to a wide user base, so the ground-truthing performed so far iscomparably limited in scale.
To ‘ground-truth’ the 2011 OAC, 129 first year Geography undergraduate students atUniversity College London (UCL) were enlisted. Each student was given the names(Table 7.10) and pen portraits for each Supergroup (see Section C.1 in Appendix C). Theythen visited up to ten unique postcode sectors within Greater London and were asked torecord the following information:
 The assigned 2011 OAC Supergroup for that area.
 Does the assigned Supergroup best describe this area out of the 8 SupergroupOptions?
 If the answer to the previous question was ‘No’, what alternative Supergroupbest describes this area?
These questions were designed to elicit a response that could be quantified (i.e. ‘yes’ or‘no’) so that the results could be analysed to provide an understanding of theeffectiveness of the 2011 OAC. However, it is recognised that there are known limitationsin using direct observations for data collection; participants have access to differentbodies of knowledge (DeWalt and DeWalt, 2002) and human observations are inherentlybiased (Kawulich, 2005). These limitations create an inconsistency in the results. Dixonand Leach (1978) commented that increased numbers of responses creates moremeaningful conclusions with Gould and White (1974) providing a specific example ofusing students to bolster response rates. The 129 participants cannot however beconsidered free from group or individual bias. As the scope of the exercise was limitedto postcode sectors being visited by one individual only, inconsistencies in theinterpretation between areas are likely to be present in the results. It is thereforeimportant to understand the limitations of the ground-truthing exercise whenconsidering the findings.
In total, the students visited 974 unique postcode units. The results for whether theybelieved the assigned Supergroup best described each area are shown in Table 8.6 andFigure 8.14. No students visited any area assigned to ‘Rural Residents’ and the results forthe ‘Constrained City Dwellers’ and ‘Hard-Pressed Living’ Supergroups are discounted
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because of the small sample size. The results from the remaining five Supergroups showthat almost half of the postcode units visited were assigned to ‘Cosmopolitans’, and overa quarter were in the ‘Ethnicity Central’ Supergroup. Although there is a disparitybetween the Supergroups visited, the results allow the suitability of the clusterassignments to be evaluated.
Across the areas visited, the students agreed more frequently than they disagreed thatthe assigned Supergroup offered the best representation of an area. On average for everythree postcode units visited, two would have the most appropriate Supergroupassignment and one would not (a ratio of 2:1). These values remained consistentbetween the Supergroups, with only the ‘Suburbanites’ Supergroup showingsignificantly better results (a ratio of 7:1). However, this is likely to be due to the smallernumber of areas visited that were assigned to that Supergroup, rather than because it isfundamentally better at describing an area.
Table 8.6: Ground-truthing the 2011 OAC: Does the Supergroup best describe theassigned area out of the 8 Supergroup options?
Supergroup Yes No Proportion ofresponses
Rural Residents 0% (0) 0% (0) 0% (0)
Cosmopolitans 65% (288) 35% (153) 45.3% (441)
Ethnicity Central 68% (191) 32% (90) 28.9% (281)
Multicultural Metropolitans 65% (110) 35% (59) 17.4% (169)
Urbanites 67% (43) 33% (21) 6.6% (64)
Suburbanites 88% (14) 13% (2) 1.6% (16)
Constrained City Dwellers 100% (1) 0% (0) 0.1% (1)
Hard-Pressed Living 100% (2) 0% (0) 0.2% (2)(Counts are in brackets)
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Figure 8.14: Responses to if the 2011 OAC Supergroup assignments are the best option for an area
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Figure 8.15 illustrates the spatial distribution of these results across London. It is notablethat there is no significant clustering of results visible, with perhaps the exception ofparticipants who appeared more likely to agree with the Supergroup assignment incentral areas. This lack of any notable clustering is a positive outcome for the 2011 OAC.A fundamental principle of geodemographics is that a clustering output is correctfrequently enough to justify its existence. The fact that the areas identified by studentsas incorrectly classified were distributed across London, with no spatial clustering,indicates that there is not a systematic problem with the designation of areas to thevarious 2011 OAC clusters.
The results from the 129 participants indicate the 2011 OAC most commonly assigns thebest Supergroup option to an area, suggesting from a subjective perspective theclassification provides the best representation possible more often than not. Althoughthe nature of the ground-truthing exercise causes the results to be exposed to elementsof subjectivity, this is at least partially counteracted by the benefits of having a largecohort taking part in the exercise.
The results from this ground-truthing exercise are positive for the 2011 OAC, the focusof the exercise solely on London makes it difficult to predict how representative theresults are for the rest of the UK. Additionally, it is difficult to determine theappropriateness of the classification at the Group and Subgroup levels. As clustersbecome more specific at these levels, observations by participants of the physicalenvironment are increasingly less likely to identify differences between areas, namelythose that cannot be observed directly. A more in-depth ground-truthing process wouldbe required to address this, such as that performed by Vickers and Rees (2011).
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Figure 8.15: The locations in London where the 2011 OAC Supergroups assignment is considered the best or not the best option
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The 33% of postcode units that were judged as having been assigned to an inappropriateSupergroup were explored to ascertain what, if any, reasoning existed to explain theiroccurrences. Table 8.7 is a confusion matrix that identifies an alternative Supergroupassignment where the original was felt inappropriate. In the opinions of the participants,the Supergroup most commonly found to be incorrectly assigned was ‘Cosmopolitans’.In 71% of these cases, the participants felt that the ‘Urbanites’ Supergroup would havebeen more appropriate. This can also be seen on Figure 8.16, where the spatial locationsof the alternative Supergroup assignments have been mapped. There is a small cluster ofpostcodes in the central areas of London where participants recommended that‘Urbanites’ would have been a more appropriate Supergroup, but aside from these thereare no other large visible concentrations of alternative Supergroup suggestions.
Table 8.7: Ground-truthing the 2011 OAC: If the assigned Supergroup does not bestdescribe the assigned area, which alternative Supergroup does?
Assigned Supergroup
Supergroup 1 2 3 4 5 6 7 8
Su
gg
es
te
d
Su
pe
rg
ro
up
1 2%(3) 1%(1) 0%(0) 10%(2) 0%(0) 0%(0) 0%(0)
2 0%(0) 21%(20) 5%(3) 10%(2) 0%(0) 0%(0) 0%(0)
3 0%(0) 9%(14) 22%(13) 0%(0) 0%(0) 0%(0) 0%(0)
4 0%(0) 4%(6) 30%(28) 0%(0) 0%(0) 0%(0) 0%(0)
5 0%(0) 71%(108) 28%(26) 22%(13) 0%(0) 0%(0) 0%(0)
6 0%(0) 2%(3) 3%(3) 22%(13) 40%(8) 0%(0) 0%(0)
7 0%(0) 12%(18) 13%(12) 2%(1) 5%(1) 33%(1) 0%(0)
8 0%(0) 0%(0) 4%(4) 26%(15) 35%(7) 67%(2) 0%(0)(Counts are in brackets)
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Figure 8.16: The locations in London where an alternative 2011 OAC Supergroup assignment has been suggested
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In relation to the wider 2011 OAC ground-truthing exercise these results could havebeen dismissed. They only represented the minority view of the participants and becauseof unquantifiable factors such as the misinterpretation of the names and pen portraitsby the participants. It was therefore necessary to undertake analytical analysis toascertain the likelihood that the areas identified as being assigned to the wrongSupergroup contained characteristics which would imply this was the case. This analysiswas based on the SED values for the OAs in the areas visited, and their respectiveSupergroup assignment. Table 8.8 details the outcome of this analysis where acomparison is made between the SED values per Supergroup with the ‘correct’ and‘incorrect’ Supergroup assignments. The two values for each Supergroup provide asummary measure to indicate the level of cluster homogeneity. Larger SED valuesindicate that the level of homogeneity in that Supergroup is lower, increasing thepossibility that characteristics from other Supergroups are more prevalent (as discussedin Section 8.3). A supporting argument could therefore be made for the ‘incorrect’Supergroup assignment if their SED values were higher than those assigned ‘correctly’.
As shown in Table 8.8 however, there are no notable differences between the SED valuesfor ‘Ethnicity Central’ and ‘Cosmopolitans’. The areas judged to be incorrectly assignedto these Supergroups are actually more homogenous. Figure 8.17 maps the SED values,and show that areas which have been judged as having the wrong Supergroupassignment are in areas that can be considered to be more uncertain. It is however thecase that areas considered to have the correct Supergroup assignment can also be foundin similarly uncertain areas. The mean SED values offer limited opportunity for inferenceas only a summary measure is provided to indicate the overall level of homogeneity inthe target areas. The small difference in values would indicate that there is no evidenceto suggest the areas identified by participants as being incorrectly assigned to aSupergroup are any more likely to be incorrect than the areas identified as being‘correct’.
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Table 8.8: The mean SED values for the ground-truthed 2011 OAC Supergroups
Supergroup Best Supergroupassignment
Not the best
Supergroup assignmentRural Residents N/A N/ACosmopolitans 1.106 1.082Ethnicity Central 0.928 0.910Multicultural Metropolitans 0.931 0.934Urbanites 0.963 0.959Suburbanites 1.014 0.987Constrained City Dwellers 1.048 N/AHard-Pressed Living 0.858 N/A
Based on the premise discussed in Section 8.3 that each OA and SA in the UK containssome element of all 8 Supergroups, further analysis was carried out to quantify thelikelihood of an area conforming to an alternative Supergroup assignment. As previouslydiscussed, Slingsby et al. (2011) uses examples from the 2001 OAC to show particularOAs which could have been assigned a selection of Supergroups, as the characteristics ofthose areas shared multiple traits with multiple clusters. These conclusions were notbased on the mean SED value of a Supergroup, but on how close the mean SED value forthe assigned Supergroup is to the next best option (defined as having the second lowestSED value).
Table 8.9 presents the mean SED difference between the assigned Supergroup and thesecond best option. The smaller the value, the more in common the area has to the secondSupergroup option. As such, an ‘incorrect’ assignment to an area would have a lowervalue than areas designated as ‘correct’. This would imply that the area hascharacteristics of more than one cluster, and is therefore less likely to conform to theassigned Supergroup archetype. The results in Table 8.9 are inconsistent. For example,the areas judged to the assigned to ‘Cosmopolitans’ incorrectly have a 19% smaller SEDvalue, yet for ‘Urbanites’ it is 27% larger. This lack of consistency between Supergroupsand the relatively small differences between ‘correct’ and ‘incorrect’ assignments makeit difficult to draw any decisive conclusions. It does however appear unlikely that SEDvalues can be used to explain the rationale used by participants in judging the suitabilityof a Supergroup to the areas they visited.
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357Figure 8.17: The locations in London where an alternative 2011 OAC Supergroup assignment has been suggested overlaid on an uncertainty
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Table 8.9: The mean SED values between the assigned ground-truthed 2011 OACSupergroup and the next 2011 OAC Supergroup
Supergroup Best Supergroupassignment
Not the best
Supergroup assignmentRural Residents N/A N/ACosmopolitans 0.267 0.218Ethnicity Central 0.226 0.185Multicultural Metropolitans 0.246 0.223Urbanites 0.123 0.157Suburbanites 0.113 0.075Constrained City Dwellers 0.115 N/AHard-Pressed Living 0.177 N/A
This ground-truthing exercise suggests that the 2011 OAC frequently, at least at theSupergroup level, provides the best representation possible. The analysis of areasidentified as having the wrong Supergroup assignment suggests that there is nostatistical reason for this. The conforming of an area to a Supergroup was due to the wayin which each participant in the ground-truthing exercise interpreted the area they werein.
The limited scope of the ground-truthing, both in geographic scale and the questionsasked does have an impact on the validity of the findings. For instance, the respondentswere asked whether the assigned Supergroup to an area was the best out of the eightoptions, not whether it provided an accurate summary of that location. To truly judgehow reflective the cluster assignments of the 2011 OAC are, a more expansive, in termsof geographic coverage, and thorough, in terms assessing the different hierarchies of theclassification, ground-truthing exercise would be required. This could be either achievedin the same way as Vickers and Rees (2011) or be performed by individual users whenassessing the appropriateness of the 2011 OAC for their needs.
Chapter 8 – Validation of the 2011 Area Classification for Output Areas 359
8.7. ConclusionThe analysis of how the 2011 OAC performed across five different validation categoriesindicates that the classification is robust. As with other geodemographic classifications,it will provide a subjective representation for the entirety of its geographic extent, andcan be considered reliable enough across the majority of the UK for it to be a useful tool.The 2011 OAC is an open geodemographic classification which allows for analysis of alloutputs of the clustering process. Subsequently, cluster assignments which may not offerthe best representation of population characteristics in an area, as may be indicated bySED values, can be explored to help understand why this may be the case.
The validation of the 2011 OAC has demonstrated that the selection of variables whichprovided the best coverage of the UK’s population characteristics has led to the inclusionof some statistically sub-optimum variables. Although these variables can be clearlyidentified through the Lorenz curves and Gini Coefficients, it can be concluded that theirinclusion does not adversely impact the 2011 OAC. Although the inclusion of variableswhich make the formation of homogenous clusters more difficult is not advisable in anygeodemographic classification, the interaction of the 60 variables of the 2011 OAC toform the distinct clusters which structure the classifications hierarchy indicates that thechosen variables have performed well. The utilisation of both quantitative andqualitative assessments to fully understand the performance of a geodemographicclassification is essential. A consideration of both components has allowed the 2011 OACto contain 110 unique clusters.
Although the qualitative aspect of variable selection aided the creation of distinctclusters, the sheer number of OAs and SAs which cover the UK meant that a quantitativefocus was required to assess the certainty of cluster assignments to each area. The useof the SED values as a dissimilarity measure for the k-means clustering algorithmallowed for the evaluation of the level of homogeneity each OA or SA had to its assignedcluster. This analysis revealed that OAs in Scotland had a higher propensity to differ fromthe average characteristics of their assigned cluster when compared to other parts of theUK. This was especially evident for the ‘Rural Residents’ Supergroup. Consequently,residents who lived in areas classified as this cluster in Scotland were likely to havecharacteristics more divergent from the cluster average than elsewhere in the UK.
The atypical nature of Scotland compared to the rest of the UK can be attributed to thedesign of the Census geography rather than any natural propensity for the population to
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have divergent characteristics. The design of the OAs in Scotland to have smallerpopulation and household threshold values act to increase the number of atypical areasfound in Scotland. This impacts the 2011 OAC, with analysis of the homogeneity ofSupergroups between different English Regions, Wales, Northern Ireland and Scotland,provided more evidence to Scotland’s atypical characteristics. This analysis highlightedareas classified as ‘Constrained City Dwellers’ and ‘Cosmopolitans’ as the leasthomogenous. The less homogenous nature of ‘Constrained City Dwellers’ can beexplained by the prevalence of the Supergroup in Scotland. The large number of lesshomogenous areas outside of Scotland assigned to the ‘Cosmopolitans’ Supergroupsuggest that there are a wider range of population characteristics which are identifiedand incorporated into this cluster. Identifying the reasons for this can be difficult,especially when evaluating individual OAs or SAs.
Analysis of the homogeneity of the cluster assignment across the whole of the 2011 OACrevealed that SED values provided a reliable method of identifying the OAs or SAs whichwere least likely to conform to their assigned cluster. Although an area can be easilyidentified as likely to be less homogenous, explaining why this is the case posescomplications. The utilisation of local knowledge to explain these occurrences would berequired.
Although the assessment of cluster assignment and homogeneity was a key componentin the validation of the 2011 OAC, it was also important to ensure that the classificationwas able to identify change in the UK since 2001. The example of new housing built inBasingstoke and the increase in the ‘White Other’ population in Southampton, providedopportunities for comparison of how the 2011 OAC classified these areas with the 2001OAC. In both instances, the 2011 OAC clusters accounted for the changes. In Basingstoke,the new housing was classified into a different Supergroup than the surrounding olderhousing, which was a reflection of the differing population characteristics present in theareas.
In Southampton, the social change caused by the increase in the ‘White Other’ populationcan be seen in the 2011 OAC. Areas classified by the 2001 OAC as having a low numberof people born outside the UK, are now classified into clusters which have an aboveaverage number of ‘White Other’. This variable has a significant positive correlation withpeople born outside the UK. The two examples from Basingstoke and Southampton donot guarantee that all change that has occurred since 2001 will be incorporated into the
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2011 OAC, but it does suggest that the classification has the ability to incorporate thephysical and social environmental change that has taken place.
The final category of validation performed on the 2011 OAC was the limited ground-truthing exercise performed by students from UCL. Although the results have to betempered by the inherent problems that exist when conducting an exercise of thisnature, the results are positive for the 2011 OAC. A greater number of students agreedthat the Supergroup assignment to an area was the best option available. This wouldsuggest that assignment of a 2011 OAC cluster to an OA or SA will be correct more oftenthan it is wrong. Although the limited geographical coverage and the assessment of onlythe Supergroup level of the 2011 OAC, this does, however, mean that the applicability ofthe results to all hierarchical levels of the classification and to areas outside of London isunknown.
The validation exercises performed on the 2011 OAC suggest that it is a robustclassification that consists of distinct clusters, which incorporate change in the UK since2001 and is correct more often than it is wrong. The inclusion of measures such asutilisation of SED values to quantify variances in cluster assignment are designed toprovide a useful way for users to explore the underlying complexity of the 2011 OAC.The extent to which these measures are used, and the ultimate usability and robustnessof the 2011 OAC will however be determined by users, and whether they believe theclassification to be reliable enough to be used for their intended purposes.
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Chapter 9Conclusions and Future Work
9.1. IntroductionThis chapter summarises the research undertaken to create the 2011 Area Classificationfor Output Areas (2011 OAC). The success of the primary aim of the project to create anew open geodemographic classification of the UK is assessed in Section 9.2. The fivesecondary aims which were developed to provide focus for the construction of the 2011OAC are individually evaluated. The extent to which these secondary aims were fulfilledand their contribution to the research aims of the project are assessed. Although thecreation of the 2011 OAC is an important milestone, there is a wide array of furtherdevelopment that could be undertaken for future use. The classification has beendesigned with a range of different users in mind, such as local government, academia andcommercial companies. All of these are likely to use the 2011 OAC for different tasks.Some of these potential applications are discussed in Section 9.3 and how elements ofthe 2011 OAC, such as the use of open source software and transparent methodology,allow the classification to be adaptable to the geodemographic requirements of users.
Section 9.4 discusses the lifespan of the 2011 OAC and how the future of the classificationwill be determined by continuing research into open geodemographics. This future workwill affect whether the 2011 OAC can be updated in a similar fashion to currentcommercial systems, or whether the creation of temporal uncertainty measures offersthe best solution based on current data availability in the UK. Finally, Section 9.5 drawstogether the main research topics of the project. The unique status of the 2011 OAC inthe UK geodemographic classification marketplace is examined in addition to its futureand contribution to open geodemographics research.
9.2. Summary of research aimsThe main aim of the project was to take advantage of the release of 2011 UK Census datato create a new open geodemographic classification of the UK. Creating any
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geodemographic classification is a complex task, with the combination of multiplemethodological aspects to form the final outcome. Although this overall aim has beenachieved, simply creating a classification is insufficient to declare the project a success.The extent to which the 2011 Area Classification for Output Areas (2011 OAC) can beregarded a success is dependent on the outcomes of the secondary aims which providedthe necessary focus to create the new classification. These secondary aims are re-statedbelow and the extent to which they have been fulfilled is assessed.
i) To create a new open, transparent and reproducible methodology.This aim was primarily focused on improving the methodology used to create the 2001OAC. This is discussed in Chapter 6, and its implementation is detailed in Chapter 7. Themethodology of the 2011 OAC can be considered as a more robust version than that ofthe 2001 OAC. The need to create a completely new methodology to that used to buildthe 2001 OAC was deemed unnecessary as it was concluded that this would repeatresearch previously explored by Vickers (2006). The project instead focussed onimproving certain methodological aspects used in the creation of the 2001 OAC.
The two distinguishing features of the 2011 OAC methodology are the use of open sourcesoftware to perform the majority of the statistical and clustering operations, and thetesting of multiple data preparation techniques. The use of the R program (RDevelopment Core Team, 2011) and the subsequent release of the code makes the 2011OAC methodology completely open and transparent. Unlike the 2001 OAC, which usedSPSS, this allows universal access to the code free from any licensing restrictions. Thecode can then be utilised to either recreate the 2011 OAC, or to adapt and apply it indifferent scenarios to aid in the creation of bespoke geodemographic classifications.
The testing of multiple data preparation techniques increased the likelihood that the2011 OAC would provide an optimum representation of the UK’s population. Thetechniques used to select the variables for the 2001 OAC and 2011 OAC did not varysignificantly. However, the 2011 OAC tested multiple methods of rate calculation anddata transformation, rather than relying solely on the percentages and log methodsutilised in the 2001 OAC. Section 6.5 discusses these different methods. This testingproduced multiple datasets, the best of which was selected on the basis of that whichproduced the optimum clusters. This decision was based on what looked the most right(Mandelbrot, 1982b), rather than the fulfilment of any statistical criteria.
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ii) To consult with users to determine what their requirements are for the
classification.This aim was focussed on identifying the requirements of potential users of the 2011OAC. Chapter 4 details the processes and underlying theory behind the ‘2011 OAC userengagement’. The process explored two key concepts. Firstly, the need to solicit theviews of potential users to ascertain their priorities for the 2011 OAC. Secondly, theextent to which the 2011 OAC could be constructed to reflect the general consensus ofpotential users, thereby being the most use to the greatest number of people.
A total of 38 responses to the user engagement were received. A general consensus wasnot found on many issues, but there were some general themes that could be identified.These themes were summarised as six points, three of which had already been identifiedfrom the literature and utilised in the secondary aims: ‘the need to evaluate theeffectiveness of the 2011 OAC’; ‘provide additional information about the outputs of the2011 OAC’; and ‘Open Data to have a role with the 2011 OAC’. Of the other three themes,only ‘using the best possible data source(s) for the 2011 OAC’ required a decision to bemade. There were two choices available in the selection of data source(s). The first wasto create the 2011 OAC at the finest granular level and utilise solely the 2011 UK Census,which could not be updated easily. The second was to incorporate Open Data sources,giving the 2011 OAC the potential to receive regular updates, although this would onlybe available at coarser levels of geography. It was concluded that the importance ofhaving the classification available at the smallest levels of geography was moreimportant than the potential for updates. Additionally, the breadth of coverage, detailand accuracy offered by the UK Census cannot be currently replicated with other OpenData sources. The 2011 OAC was therefore ultimately constructed from only 2011 UKCensus data.
The final two points, ‘the 2011 OAC to be a general purpose geodemographicclassification’ and ‘the need to publicise the 2011 OAC’ were more straightforward toachieve. The choice of variables from the 2011 UK Census determined the type ofclassification. To guarantee a general purpose classification, variables were chosen toreflect the general socio-economic characteristics of the UK’s population. Section 6.6explains the methods that were used to select variables and Section 7.2 details how thesemethods were used to finalise the 60 variables used to construct the 2011 OAC.Promotion of the classification by the Office for National Statistics (ONS) and viaestablished user forums, such as the OAC User Group, will raise user awareness of the
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release of the classification. It is also envisaged that a number of talks and workshopswill be organised to introduce the classification to users following its release.
The 2011 OAC cannot be considered to be a consultation led geodemographicclassification. However, important decisions including the data sources used and thefocus of the classification were derived from user feedback. The result of this should bea classification which fulfils the requirements of the majority of users.
iii) To develop visual and descriptive outputs to facilitate users’ understanding of
the results produced by the classification.This aim focused on developing outputs from the 2011 OAC that would aid userunderstanding of the classification. A selection of proposed outputs were included aspart of the 2011 OAC user engagement, discussed in Chapter 4, with a selection of therequested outputs detailed in Section 7.4. A number of outputs produced are the sameas those created for the 2001 OAC, such as radial plots. Radial plots and the bar graphscreated for the 2011 OAC provide a visual summary of the characteristics of each cluster.These form the basis on which cluster names and pen portraits, or descriptions of theclusters, are based. The 2001 OAC named the Supergroup and Group levels of theclassifications hierarchy, but not the Subgroups. A key output of the 2011 OAC userengagement was the desire to name the Subgroups of the new classification. This wascompleted after the names of the 2011 OAC Supergroups and Groups had beenconfirmed by the ONS. As such, all 110 clusters of the 2011 OAC have been givenappropriate names to help better understand each clusters characteristics.
These descriptive outputs are complimented by visual outputs of the classification.Standard choropleth maps have been produced, displaying the geographic distributionof the 2011 OAC clusters. Section 7.4.4 discusses the issues with this type ofrepresentation, namely that it does not distinguish between densely populated urbanareas and less densely populated rural areas. The use of equalising density cartogramsand building maps as alternative visualisation methods of the 2011 OAC was thereforeexplored. Cartograms changed the size and shape of the OAs and SAs to be representativeof their resident population in 2011, while the building maps only visualised thebuildings in each OA or SA. Both methods provided alternative representations of the2011 OAC. The cartograms offered a more realistic indication of the major populationcentres in the UK, although at the expense of geographic accuracy. Conversely, thebuilding maps provided an accurate geographical representation of the 2011 OAC, but
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could lead to misinterpretation of the classification as being accurate to the individualbuilding level.
The different static visualisation methods used with the 2011 OAC each have theiradvantages and disadvantages. It will be a decision for each user as to which they prefer.The other available visualisation option is web mapping. Following the official release ofthe 2011 OAC the www.opengeodemographics.com website will provide a link to anonline interactive map of the classification. This will overlay the classification on anOpenStreetMap (OSM) background and allows users greater freedom to explore theclassification. Additionally, comma-separated values (CSV) files and ESRI shapefiles willalso be released. These allow users the opportunity to import the 2011 OAC into theirown geographic information system (GIS), thereby allowing them to incorporate theclassification into their own workflows.
Another key output was the use of squared Euclidean distance (SED) values to assess thepropensity for each OA and SA to belong to the other Supergroups of the 2011 OAC.Discussed in Section 8.3, the use of SED values allows the fuzzy characteristics of the2011 OAC to be identified. These outputs provide a more informative summary of the2011 OAC’s Supergroup assignment, giving users an alternative way of utilising theclassification.
The range of outputs for the 2011 OAC have addressed the requirements of users thatwere highlighted in Chapter 4 and have effectively utilised advances in GIS made sincethe release of the 2001 OAC. They have also expanded on the outputs that were availablefrom the 2001 OAC, thereby allowing users greater opportunity to engage with theclassification. Although the range of outputs is not extensive, the range of ‘core’ outputsprovides sufficient summary information for the 2011 OAC to satisfy the needs of themajority of users. Furthermore, the 2011 OAC’s open methodology allows users to createtheir own additional outputs as required.
iv) To validate the classification once complete to assess the final outcome.This aim focused on validating the 2011 OAC to assess how representative theclassification is at identifying the socio-demographic variances of the UK’s population.Chapter 8 details the different validation categories used: variable specification; clusterassignment certainty; homogeneity; changes between 2001 and 2011 and ground-truthing.
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The assessment of the 2011 OAC revealed that the selection of variables that providedthe best coverage of the UK’s population characteristics led to the inclusion of someconsidered statistically sub-optimum. These variables can however be identifiedthrough the use of Lorenz curves and Gini Coefficients, and it was concluded that theirinclusion did not adversely impact the 2011 OAC.
Analysis of the cluster assignment certainty revealed Scotland to be distinct from the restof the UK. The OAs in Scotland had a higher propensity to differ from the averagecharacteristics of their assigned cluster when compared to other parts of the UK. Thisatypical nature of Scotland compared to the rest of the UK was however attributed to thedesign of the Census geography rather than any natural propensity for the population tohave divergent characteristics.
The homogeneity of the cluster assignment across the three hierarchical levels of the2011 OAC and the variation between clusters allowed instances of atypicality to beidentified. This indicated that two 2011 OAC Supergroups: ‘Constrained City Dwellers’and ‘Cosmopolitans’ contain the majority of atypical OAs and SAs in the UK. The resultsfrom this analysis indicate that there is variation in the extent to which all areal unitsassigned to a cluster will conform to its average characteristics, with some clustershaving an increased propensity to contain atypical OAs and SAs. These variations areimportant and the use of SED values to identify these occurrences provides an indicationof the complexity of the 2011 OAC.
It was important to assess the physical and social environmental change that has takenplace in the UK since 2001, and how it was represented in the 2011 OAC. It wasdemonstrated that changes in the built-up environment in Basingstoke and the socialmake-up in Southampton since 2001 are reflected in the 2011 OAC Supergroups andGroups. This means users can have greater confidence in the 2011 OAC proving a usefulrepresentation of the UK. The two case studies were however limited to smallgeographical areas in the South East of England. As such, while it seems likely changewill have been incorporated into the 2011 OAC, there cannot be any guarantee this istrue for other parts of the UK.
The final validation exercise was ground-truthing the classification. This was performedby a number of students from UCL who visited different areas in London to assess if the
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assigned 2011 OAC Supergroup provided the best description of the location. The resultsindicated that a greater number of students agreed that the Supergroup assignment toan area was the best option available – suggesting that assignment of a 2011 OAC clusterto an OA or SA will be correct more often than it is wrong. The limited geographicalcoverage and the assessment of only the Supergroup level of the 2011 OAC does howevermean that the applicability of the results to all hierarchical levels of the classification andto areas outside of London is unknown.
The validation of the 2011 OAC indicates that it is a robust classification that consists ofdistinct clusters which incorporate change in the UK since 2001 and is correct more oftenthan it is wrong. The scale of the classification does however mean that no validationexercise can encompass its entirety. These conclusions must therefore be tempered bythe fact the dynamic nature of the UK means that inevitably the 2011 OAC will performbetter in certain scenarios and geographic locations.
v) To explore alternatives to using ancillary data sources to update
geodemographic classifications that highlight the temporal stability, or
otherwise, of resident populations.This aim focussed on addressing the temporal stability of geodemographic classificationsafter their release. This was detailed in Chapter 5, which is based on Gale and Longley(2013). Census based geodemographics do not capture the dynamics of change in smallareas over time, increasing the possibility of representations becoming less effective atdescribing the characteristics of areas. The current inability in open geodemographics toreplicate the use of private ancillary data sources used by commercial systems to updatetheir classifications meant alternatives needed to be considered. The alternative solutionproposed was the use of mid-year population estimates (MYEs) and dwelling stockcounts, two of the limited number of Open Data sources on an annual basis at the smallestgeographical area, to provide the basis for uncertainty indicators.
Uncertainty indicators are based on the premise that change in the UK varies bothgeographically and over time. Examining the variances of change across the UK providesa more transparent account of how different areas exhibit different changecharacteristics, both spatially and temporally. Applying these indicators to the 2001 OACshowed for the majority of locations the original geodemographic assignment of theclassification remained valid. The limited change to the population and dwelling stockdynamics across large areas of the UK between 2001 and 2011 provides empirical
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evidence that temporal uncertainty indicators can be used to gauge the stability ofgeodemographic classifications over time. It can therefore be concluded that costly andtime-consuming updating through ancillary sources used by commercial providers isonly needed for some parts of the UK.
The successful creation of temporal uncertainty indicators for the 2001 OAC suggeststhey should be actively used by the 2011 OAC user base. The addition of such indicatorsto a classification like the 2011 OAC means users become aware of the need to investigatepotentially uncertain areas using alternative data sources in order to better understandany change in an area’s dynamics and make more informed decisions. This initial forayinto researching the temporal stability of classifications like the 2001 OAC indicates, inthe absence of more traditional, and perhaps unsystematic, updating techniques used bycommercial operators, they will form an essential part of future open geodemographicclassifications.
9.3. Applications of the 2011 OACIn an era of austerity and cost restraint the 2011 OAC is a free alternative to thecommercial systems available. Although not directly comparable to these systems, the2011 OAC does have its advantages, such as a methodology open to analysis and critiquethat can be adapted for use in bespoke applications. How the classification is deployedwill depend on the specific needs of the user, however, examining the previousapplications of the 2001 OAC allows generalisations to be made about its use.
The previous OAC User Group website (www.areaclassification.org.uk) details a numberof different case studies of organisations who used the 2001 OAC. Local authorities forexample have been keen users of the 2001 OAC, with Cambridgeshire County Councilcoding their Place Survey with the 2001 OAC, as discussed in Section 2.7.
The primary academic interest in the 2001 OAC has focused on its cross tabulation –tabulating it with other data sources to aid geodemographic analysis (Brunsdon et al.,2011; Singleton et al., 2012). It can therefore be expected that similar actions will beperformed with the 2011 OAC. The linking of small area attributes from survey data, suchas Understanding Society or the Crime Survey for England and Wales, to the 2011 OAChas the potential to add value and offer greater insight into the findings presented inthese datasets.
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An example of coding the 2011 OAC to survey data is shown in Figure 9.1. This showsone answer to the ‘Taking everything into account, how good a job do you think the policein London as a whole are doing?’ question from the Metropolitan Police Service’s (MPS)Public Attitude Survey (PAS). It gives an indication of how the attitudes of the residentswho live in the eight different 2011 OAC Supergroups differ.
Despite the 2001 OAC’s open methodology, there has been only one documentedadaption of it in the literature – the 2001 London Output Area Classification (2001LOAC), which was discussed in Section 2.7. The 2001 LOAC created by Petersen et al.(2011) is a bespoke classification that modified the 2001 OAC methodology for a Londononly setting. This however was only conceived at the Supergroup level, limiting its scopewhen compared to the 2001 OAC. Other bespoke classifications, such as that created forKingston upon Hull (Feldman, 2011), have utilised their own custom methodologies. Thecreation of a bespoke classification for Kingston upon Hull suggests that there is ademand for such outputs, with the open and transparent methodology of the 2011 OACmaking such adaptions more straightforward.
Figure 9.1: 2011 OAC Supergroup index scores for respondents who answered‘very poor’ to the ‘taking everything into account, how good a job do you think thepolice in London as a whole are doing?’ question from the Metropolitan PoliceService’s Public Attitude Survey
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The potential for the 2011 OAC’s methodology to be adapted to create bespokeclassifications has led to the Greater London Authority (GLA) commissioning thecreation of a 2011 London Output Area Classification (2011 LOAC). Despite the 2011OAC offering a better representation of London compared to the 2001 OAC, it was stilldeemed necessary by the GLA to commission the 2011 LOAC to provide the level of detailrequired for use in London only applications. Figure 9.2 shows the distribution of thenamed Supergroups in London. A key feature of the 2011 LOAC is the adoption of ahierarchical structure, similar to that of the 2011 OAC. In the case of the 2011 LOAC thishierarchical structure has been limited to 8 Supergroups and 19 Groups with a Subgrouplevel deemed unnecessary.
The benefits of the 2011 OAC therefore go beyond simply offering an alternative to thecommercial systems that is free. The flexibility that the open and transparentmethodology provides for users, offers them the opportunity to create their ownclassifications. As the majority of the operations are performed using open sourceprograms and code it makes such adaptations easier than were previously possible. The2011 LOAC is an example of how this approach can simplify the creation of newclassifications. The benefits however are not limited to simply recreating the 2011 OACat different regional scales, or only being of use to local government. It is conceivable thatcommercial companies that hold their own detailed records could incorporate thesewith other freely available data sources to create their own classification. This thereforewould mean they could be self-reliant for their geodemographic requirements.
There can be no guarantee how widely the 2011 OAC will be adopted or whatapplications it might be used for. It can however be stated that the decisions made in theprocess of building the classification place it in a unique position within the widergeodemographic market in the UK. The fact that the classification is free is likely to be anappealing attribute for users, combined with the fact it can be used ‘as is’. The openmethodology, and in particular reliance on open source software separates the 2011 OACfrom both the commercial systems and the 2001 OAC. The ability for users to adapt theclassification to custom geographical regions or with alternative data sources is theunique selling point of the 2011 OAC and any applications that either use it directly orare adapted from it.
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Figure 9.2: A choropleth map of the 2011 LOAC Supergroups
Chapter 9 – Conclusions and Future Work 373
9.4. The lifespan of the 2011 OACThe lifespan of the 2011 OAC is difficult to judge. The uncertainties that exist with thefuture of the UK Census, as discussed in Section 3.4, mean there is no guarantee the sameextent of small-scale statistics in the UK will be available in the future. It is possible thatthe 2011 OAC will be the last open geodemographic classification of the UK constructedfrom the smallest area data, suggesting an extended lifespan as without a decennialcensus it will not be directly replaced. Results however from the 2011 OAC userengagement, discussed in Chapter 4, suggest that over time an increasing number of2001 OAC users stopped using the classification. If this pattern were to repeat with the2011 OAC it would therefore be logical to expect the classification to be most widely usedat the point of release, and then over the subsequent years have a reduction in users.
If no replacement classification were possible in the 2020s it would be difficult topersuade any remaining users to continue using the 2011 OAC. Responses from the 2011user engagement suggest users would consider an unmodified 2011 OAC to be an older,inferior product when compared to the commercial offerings by that point in its lifecycle.Chapter 5 proposes a methodology that can be used to understand the temporaluncertainty of geodemographic classifications. Taking advantage of Open Data sourcesdiscussed in Section 3.5 provides an indication of how change in the UK’s populationcharacteristics and physical characteristics are not constant over time, and the impactthis has on geodemographic classification assignments. In the age of Open Data, temporaluncertainty measures can be considered an important part of any open geodemographicclassification. The limitations of the technique and the inability to refresh classifications,similar to the commercial systems, mean a reliance on Census data remains.
The future of the 2011 OAC seems limited to creation of temporal uncertainty measuresto provide an indication of the relative stability of its geodemographic assignments. Thedirection future open geodemographic classifications take seems likely to be influencedby what happens to the UK Census. This reliance on one particular data source makesopen geodemographics susceptible to any change in government policy as the Beyond2011 program has shown. Future open geodemographics research therefore has to focuson shifting attention to using the increasing number of Open Data sources.
The Economic and Social Research Council (ESRC) funded the ‘Using Secondary Data toMeasure, Monitor and Visualise Spatio-Temporal Uncertainties in Geodemographics’project at the University of Liverpool is the first step towards the integration of Open
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Data sources into small level open geodemographic classifications. The project aims toimprove on the temporal uncertainty techniques discussed in Chapter 5 byimplementing a methodology for screening small areas of residential structures overtime. Additionally, creating temporal measures of uncertainty and, crucially, providingupdates to existing geodemographic classifications.
Research into the future development of small area open geodemographics withoutcomplete reliance on the UK Census needs to take into consideration the currentlimitations that exist, primary the availability of Open Data sources. As discussed inSection 3.5, there are currently very few Open Data sources that are available at OutputArea (OA) or Small Area (SA) level. This means without modelling data, there is no wayto introduce these sources into a geodemographic classification created at OA and SAlevel (such as the 2011 OAC). As such, there is a need to interweave frequently updatedOpen Data sources that are less likely to be available at OA and SA level with existinggeodemographic classifications built at this level of granularity.
Future data availability and the level of granularity at which they are released is difficultto predict. Based on the current data landscape in the UK it appears the future of opengeodemographic classifications, at least those that can be updated on a regular basis, isat coarser geographies. This mirrors the options available for the UK Census to eitherprovide data less often but at a finer level of granularity, or more often at a coarser levelof geography.
The combination of increasing numbers of Open Data sources, even if they are at coarserlevels of geography, and frequently updated commercial systems is likely to impact whatusers expect from an open geodemographic classification. No longer will a decade longgap between releases be seen as acceptable. The likely outcome is that future researchin open geodemographics will continue to use the most recent Census. The unparalleledbreadth and quality of the data, discussed in Section 3.2, means that in certain cases noequivalent source exists in Open Data. The continued research into temporal uncertaintymeasures provides a framework for assessing the extent to which a geodemographicclassification would need to be updated. Research should therefore be focused onidentifying the Open Data sources that do exist that can supplement the Census data andprovide temporal updates to geodemographic classifications.
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The future of the 2011 OAC is dependent on a number of factors. Although regularlyupdating the classification in a similar way to commercial systems would be the ultimateambition, such comprehensive procedures are not currently possible due to the limitedrange and geographical level of Open Data available. The extent to which this positionwill change over time will depend on future research into the use of Open Data with opengeodemographics and the data made available. The alternative of using temporaluncertainty measures will provide an indication of the continuing relevance of the 2011OAC in the future. The extent to which such techniques encourage continuing use of the2011 OAC will be an interesting research topic in future years.
9.5. Concluding CommentsThe 2011 OAC is an important tool in understanding the complexities of the UK’sresident population. The division of the population into one of 8 Supergroups, 26 Groupsand 76 Subgroups provides a clear and easy way of interpreting the socio-demographicsof the UK. As the successor to the 2001 OAC, it takes advantage of computationaladvances over the past 10 years to provide not only an updated representation of thecountry, but also a blueprint that future geodemographic classifications can follow. Thisis made possible by the use of openly available data alongside open source softwarewhich provides a number of interesting research opportunities to continue advancingthe open geodemographics agenda.
The pre-existing user awareness of the 2001 OAC and the current economic climateshould encourage the wider use of the 2011 OAC compared to its predecessor. The openand transparent methodology gives the 2011 OAC an advantage over any commercialsystems, appealing to users wishing to understand the underlying processes of theclassification. This means the 2011 OAC is unique within the wider UK geodemographicsmarket, although this alone does not guarantee its success. Although the creation of the2011 OAC is an important milestone, it will be the continued use of the classification overa number of years that will be the true accomplishment. Future research in opengeodemographics will be key to the longevity of the 2011 OAC, either through thecreation of temporal uncertainty measures or regular updates.
This project has delivered a geodemographic classification that has mademethodological advances beyond those of its predecessor. The use of open sourcesoftware and freely accessible code provides users, with differing degrees of experience
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with geodemographics, an opportunity to explore and utilise the classification. It isbecause of this the 2011 OAC can be considered a step forward for opengeodemographics.
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User Engagement on a new
UK Output Area Classification
1. Introduction
A joint funded project has been set up by the Office for National Statistics (ONS)
and University College London (UCL) to create a new Output Area Classification
using 2011 Census data. The original classification was created for the ONS by Dr
Daniel Vickers at the University of Leeds using 2001 Census data. The undertaking
of the 2011 Census provides an opportunity for the 2001 Output Area Classification
to be updated using 2011 Census data, and for the methodology used to create the
OAC to be reviewed.
It is intended that following the creation of a 2011 OAC, that area classifications for
higher geographies such as Super Output Areas/Data Zones and local authorities
will also be revised in a similar way.
1.1 Topic and scope
To help with the construction of this new open-source classification, and to better
understand user requirements for it, ONS and UCL would welcome your thoughts,
expectations and requirements for this new geodemographic classification. By
answering any or all of the questions below you can help to shape the proposed
Output Area Classification for 2011. Please use the section after question 20 to
address any relevant points that you think may not have been addressed by the
other questions.
1.2 Who we are seeking views from
We would particularly like to hear from regular users of any or all of the existing Area
Classifications, and in particular from users across the UK of the current 2001
Output Area Classification, and potential users of a 2011 Output Area Classification.
1.3 Consultation timetable
This consultation will run for six weeks from 17 February 2012 to 30 March 2012.
1.4 After the consultation
Responses will be analysed by ONS and UCL, and ONS will publish a summary of
the comments made approximately one month after the user engagement closes.
The response template asks whether or not you agree to your responses being
made public.
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1.5 How to respond
Interested parties are invited to respond using the template in Appendix 1 by the
closing date via email:
2011OAC@ons.gov.uk
or by post to:
Andy Bates, Regional and Local Division, Office for National Statistics, Segensworth
Road, Fareham
PO15 5RR
1.6 Confidentiality and data protection
Information provided in response to this consultation, including personal information,
may be subject to publication or release to other parties or to disclosure in
accordance with the access to information regimes (these are primarily the Freedom
of Information Act 2000 (FOIA), the Data Protection Act 1998 (DPA) and the
Environmental Information Regulations 2004).
If you would like the information, including personal data, that you submit to be
treated as confidential, please be aware that, under the FOIA, there is a statutory
Code of Practice with which public authorities must comply and which deals, among
other things, with obligations of confidence. In view of this it would be helpful if you
could explain to us why you regard the information you have provided as
confidential. If we receive a request for disclosure of the information we will take full
account of your explanation, but we cannot guarantee that confidentiality can be
maintained in all circumstances. Before we disclose any information that is personal
to you, we will inform you in advance of any disclosure. An automatic confidentiality
disclaimer generated by your IT system will not, of itself, be regarded as binding on
the Office for National Statistics.
Please ensure that your response is clearly marked if you wish your response and
name to be kept confidential. Confidential responses will be included in any
summary of numbers of comments received and views expressed.
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Appendix 1: User Engagement response template
Interested parties are invited to respond using this template by the closing date via
email to:
2011OAC@ons.gov.uk
or by post to:
Andy Bates, Regional and Local Division, Office for National Statistics, Segensworth
Road, Fareham
PO15 5RR
Your name (optional)
Organisation and Role (optional)
Do you wish your responses to be kept confidential?
Yes
No
The current 2001 Output Area Classification
1. Do you know what the current 2001 Output Area Classification (2001 OAC)
is?
Yes
No
2. Do you (or your organisation) currently use the 2001 OAC?
Yes
No
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If you answered “Yes” how long have you (or your organisation) been
using the 2001 OAC for?
1 year or less
2 to 5 years
Over 5 years
If you answered ‘Yes’ then please go to Question 4.
3. If you answered “No” to Question 2 have you (or your organisation)
previously used the 2001 OAC?
Yes
No
If you answered “Yes” how long ago did you (or your organisation)
stop using the 2001 OAC and why?
1 year or less
2 to 5 years
Over 5 years
Why did you stop using the 2001 OAC?
If you answered “No” why have you never used the 2001 OAC?
4. What alternative commercial geodemographic classifications do you (or your
organisation) use?
Select all that apply
ACORN by CACI
Mosaic by Experian
People & Places P2 by Beacon Dodsworth
PersonicX by Acxiom
Other (please specify)
None – I/we do not use any commercial geodemographic classifications
Please briefly explain why you either do or do not use commercial
geodemographic classification products:
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5. Please indicate the geographical coverage(s) you favour when using a
geodemographic classification?
Select all that apply
UK
Country
Regional
County
Local Authority
City, Town or Village
District or Area of a City, Town or Village
6. Would you welcome a new version of the 2001 OAC?
Yes
No
7. Should a new 2011 Output Area Classification (2011 OAC) be a general
purpose classification (like the 2001 OAC), or should it focus on producing
specialised variants (such as health, education, crime etc.)?
Please select one option only
General purpose
Specialised variants
8. Flexibility in specifying the variables that are to make up the 2011 OAC
would open up a range of options for area classification using Open
Government Data. Is it important to you that the 2011 OAC be directly
comparable – in terms of similar census data being used to construct it - with
the 2001 OAC?
Yes
No
If you answered ‘No’ then what are the other priorities that are
important to you in the construction of the 2011 OAC?
Updateable
Better variables
Other (please specify)
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9. The 2001 OAC divides the population of the UK into 7 Supergroups, 21
Groups and 52 Subgroups. How would you describe this framework when
using the 2001 OAC for your particular purposes?
Extremely limited
Limited
Satisfactory
Good
Excellent
New for the 2011 Output Area Classification
10. Thinking about how you use and interpret the 2001 OAC, how useful do you
think each to the following options would be to you for the 2011 OAC?
Please tick a number from 1 to 5 or ‘Don’t know’ to indicate your view. The
equally spaced scale ranges from 1 = Not at all useful to 5 = Extremely
useful.
Maps in PDF (or similar) format that are not interactive
1 2 3 4 5 Don’t know
Online interactive maps with clickable details (such as the one found here for
the 2001 OAC http://www.maptube.org/map.aspx?mapid=960)
1 2 3 4 5 Don’t know
Mapping against different backdrops (such as Google Maps or
OpenStreetMap)
1 2 3 4 5 Don’t know
Correlation tables (showing to what extent the variables within the
classification correlate with each other)
1 2 3 4 5 Don’t know
Bar graphs of the group’s attributes (click here for an example)
1 2 3 4 5 Don’t know
Radial plots of the group’s attributes (click here for an example)
1 2 3 4 5 Don’t know
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11. Thinking about your own understanding of the existing 2001 OAC, how
useful do you think each to the following options would be to you for the
2011 OAC?
Please tick a number from 1 to 5 or ‘Don’t know’ to indicate your view. The
equally spaced scale ranges from 1 = Not at all useful to 5 = Extremely
useful.
Group Name
1 2 3 4 5 Don’t know
Graphical Representation (radial plots and bar graphs)
1 2 3 4 5 Don’t know
Group definitions (a written summary of the key characteristics of each
group)
1 2 3 4 5 Don’t know
Key points of characteristics you would expect to find in each group
1 2 3 4 5 Don’t know
Written ‘pen portraits’ of typical households found within each group
1 2 3 4 5 Don’t know
Written ‘pen portraits’ of typical housing and built environments found in
each group
1 2 3 4 5 Don’t know
12. Do you agree with the view that it would be helpful to adjust the composition
of each group for different parts of the UK (so, for example, there might be
separate classifications made for London, or Scotland)?
Strongly disagree
Disagree
Neither agree nor disagree
Agree
Strongly agree
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13. Please identify what, if any, extra features would you like the 2011 OAC to
have when compared with the 2001 OAC:
Dissemination of the 2011 OAC
14. Which methods of dissemination for the 2011 OAC would you be most likely
to use?
Select all that apply
Online interactive mapping (such as the one found here for the 2001 OAC
www.maptube.org/map.aspx?mapid=960)
Enhanced online interactive mapping – with additional features that allow
for you to search and identify the national 2011 OAC for a ward, county,
local authority or region for example.
Microsoft Excel/CSV file(s) containing the 2011 OAC classification for
each of the UKs 2011 Census Output Areas)
Software to append the 2011 OAC codes to a list of postcodes provided
by the user (similar to the OAC Coder available at www.publicprofiler.org)
Digital Boundary Data (eg a shapefile – a computer readable map that
would provide the outline of Output Areas along with the 2011 OAC data –
this would require the use of GIS software such as ArcGIS or MapInfo)
15. Other data sources could be used to give greater context to the 2011 OAC.
Rather than contributing to the classification itself, these could be used to
help visualise the 2011 OAC in different ways. What (if any) data sources
would you like to be able to use alongside the final 2011 OAC output?
Select all that apply
Index of Multiple Deprivation (the LSOA, Data Zone or SOA which the
Output Area lies within)
Temporal data – to attempt to distinguish different periods in a day
Other (please specify)
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Construction of the 2011 OAC
16. There are multiple levels of spatial resolution that data can be produced at
(see Appendix 2: Glossary of Terms for further information). In addition to
Output Areas are there any other spatial resolutions you believe would
benefit from having their own classification?
Select all that apply
Lower Layer Super Output Areas (LSOAs) in England & Wales / Data
Zones in Scotland / Super Output Areas (SOAs) in Northern Ireland
Middle Layer Super Output Areas (MSOAs)
Wards
Local Authorities
Counties
Regions
Other (please specify)
17. The 2001 OAC uses only 2001 Census data in its construction. It has been
suggested that, in addition to using 2011 Census data, it might be possible
for the 2011 OAC to be enhanced with supplementary non-census open data
sources, and updated periodically over time. Would you find this beneficial?
Yes
No
Don’t know
Please briefly explain the reasons for your answer:
18. It is unlikely that many open data sources will offer UK wide coverage. What
extent of coverage do you believe is a minimum requirement for an
acceptable general purpose OAC classification?
UK only
Countrywide coverage for England, Wales, Scotland or Northern Ireland
Regional (ie classifications pertaining to parts of England, Wales,
Scotland or Northern Ireland)
Local Authority
Other (please specify)
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19. If the 2011 OAC could be updated with new data, how frequently should this
be done?
Once a year
Every two years
Every three years or longer
20. Change in the social, economic and demographic structure of areas in the
UK occurs at different rates. Instead of updating the 2011 OAC it might be
possible to use non-census sources to flag areas where population changes
have occurred, enabling the user to recognise parts of the UK where the
classification had probably become unreliable. Would you find this helpful?
Yes
No
Don’t know
Any Other Comments
Appendix A 415
User Engagement on a new
UK Output Area Classification
Appendix 2: Glossary of Terms
2001 OAC
The 2001 Output Area Classification is a geodemographic classification that distils
key results from the 2001 Census for the whole of the UK at a fine spatial level of
granularity to indicate the character of local areas. It was created in collaboration
between the Office for National Statistics (ONS) and the University of Leeds
2011 Census
The 2011 Census was a count of all people and households in the UK. It provides
population statistics from a national to neighbourhood level for government, local
authorities, business and communities. It was carried out by the Office for National
Statistics (ONS) in England and Wales, the National Records of Scotland (NRS) in
Scotland and the Northern Ireland Statistics & Research Agency (NISRA) in
Northern Ireland.
2011 OAC
The 2011 Output Area Classification is planned to be a geodemographic
classification utilising data from the 2011 Census along with a variety of open-data
sources to provide an indicator of local area characteristics. Particular focus will be
on new modes of dissemination that better utilise Web technologies and new
advances in GIS and geodemographics. It is being created as collaboration between
the Office for National Statistics (ONS) and University College London (UCL).
Administrative Geographies
England
England does not have its own devolved parliament and is thus entirely subject to
the administration of the UK Government in Westminster.
Note however that the
diagram shows the
geographic structure
rather than the
administrative reporting
structure.
In practice, neither
metropolitan counties
nor Regions (former
Government Office
Regions) are truly part
of the administrative
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hierarchy, and electoral wards/divisions are simply the 'building blocks' from which
higher units are constituted.
Parishes on the other hand can have their own council, but have been isolated from
the geographic structure as, unlike electoral wards/divisions, they are not found
across the whole of England.
Wales
Wales is subject to the administration of
both the UK Government in Westminster
and also the National Assembly for Wales
in Cardiff.
Wales is subdivided into 22 unitary
authorities, which in turn are divided into
electoral divisions and communities.
Scotland
Scotland is subject to the administration
of both the UK Government in
Westminster and also the Scottish
Government in Edinburgh.
Scotland is subdivided into 32 council
areas, which in turn are divided into
electoral wards and communities.
Northern Ireland
Northern Ireland is subject to the administration of both
the UK Government in Westminster and also the
Northern Ireland Executive in Belfast.
Northern Ireland is subdivided into 26 district council
areas (although within Northern Ireland they are also
known as 'local government districts', which in turn are
divided into electoral wards.
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Census Geography
In the context of this user engagement exercise ‘census geography’ refers to the
base unit for census data releases, namely Output Areas (OAs). In addition Lower
Layer Super Output Areas (LSOAs) in England & Wales, Data Zones in Scotland,
Super Output Areas (SOAs) in Northern Ireland and Middle Layer Super Output
Areas (MSOAs) are considered to be part of census geography as they are formed
using Output Areas.
County
Please see ‘Administrative Geographies’ which details the hierarchical nature of
different levels of local government in England.
Data source
In the context of this consultation, ‘data source’ refers to an online location where
multiple datasets can be accessed and downloaded.
Data Zones
The Scottish equivalent of Lower Layer Super Output Areas in England and Wales.
Constructed using Output Areas there are 6,505 covering Scotland with an average
resident population of 750.
Dataset
In the context of this consultation, ‘dataset’ refers to a single table of data. An
example would be a key statistic table from the 2001 UK Census.
Geodemographic classification
The description of people according to where they live derived from the study of
spatial information.
Index of Multiple Deprivation
Separate country Indexes of Multiple Deprivation measures relative deprivation
across the UK. They separately combine a number of the same or similar indicators,
chosen to cover a range of economic, social and housing issues, into a single
deprivation score for each small area in England, Wales (for LSOAs), Scotland (for
Data Zones) and Northern Ireland (for SOAs). This allows each area to be ranked
relative to one another in each country according to their level of deprivation.
Local Authority
In England there are five different types of local authority: metropolitan, unitary,
London boroughs, county councils and district councils. These different types are all
included under the umbrella term ‘local authority’. Please see ‘Administrative
Geographies’, which details how these different types of local authority fit into the
hierarchical nature of local government in England. These divisions and names can
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differ in Wales, Scotland and Northern Ireland, but follow a similar hierarchical
structure.
Lower Layer Super Output Areas (LSOAs)
Constructed using Output Areas. There are 34,378 in England and Wales with an
average population of 1,500 and an average number of households of 400 (as at
2001).
Middle Layer Super Output Areas (MSOAs)
Constructed using Output Areas. There are 7,193 in England and Wales with an
average population of 7,200 and an average number of households of 2,000 (as at
2001).
Non-Census data
In the context of this consultation form ‘non-census data’ refers to all available data
(normally freely available open data) that are not derived from any UK census
sources. An example would be administrative data from central or local government.
Open Data
In the context of this consultation, ‘open data’ refers to data that are freely available
(although may require a fee to access). They may supplement or substitute for
(freely available) census data. ‘Open data’ usually derive from any of a range of
government agencies, and are provided in the interests of creating more
accountable, transparent, participatory and collaborative government.
Output Areas (OAs)
The smallest dissemination units available for census data. They were designed to
have similar population sizes and to be as socially homogenous as possible. Based
on 2001 Census data and postcodes in use in 2000-2001, there are 223,060 Output
Areas covering the UK with an average population of 264 and an average number of
households of 110 (as at 2001).
Regional
Please see ‘Administrative Geographies’ which details the hierarchical nature of
different levels of local government in England.
Super Output Areas (SOAs)
In the context of this consultation SOAs are referring to the areal units created by
the Northern Ireland Statistics & Research Agency (NISRA). Like LSOAs in England
and Wales they are constructed using Output Areas with 890 covering Northern
Ireland with an average population of 2,000. SOAs were also created for England
and Wales, but due to the larger population are sub-divided into LSOAs and MSOAs
that are referred to in this consultation form.
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Wards
A constituent part of an electoral district that is the primary unit of UK administrative
and electoral geography.
The differences between Output Areas (OAs), Lower Layer Super Output
Areas (LSOAs) and Middle Layer Super Output Areas (MSOAs)
Clicking on the links above will display maps are using the population of White
British in London in 2001 to illustrate the differences in using OA, LSOA and MSOA
output geography.
To give you an idea what the differences are in numbers; in London there are
currently 24,140 OAs, 4,765 LSOAs and 983 MSOAs based on postcodes in use on
the day of the 2001 UK Census.
These numbers are likely to change slightly as they are updated for use with the
2011 Census data outputs. To put this change into context nationally, less than 5%
of the current 223,060 Output Areas will be modified. This means at least roughly
212,000 Output Areas will remain consistent across the UK.
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B.1. The 2011 Area Classification for Output Areas User
EngagementAppendix B provides full tabular results of the 2011 OAC user engagement and aselection of general comments made by respondents and those specifically related to the2011 OAC. The results are presented as percentages with counts in brackets unlessotherwise stated.
B.1.1. Findings from the User Engagement
Table B.1: Responses by stakeholder group
Respondent Type Responses Percentage of totalLocal Authorities (LA) 19 50Central Government (CG) 2 5Health (H) 3 8Other Public Sector (PS) 3 8Commercial Organisations & Individuals (CO) 7 18Academia (A) 4 11
Total (All) 38 100
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B.1.1.1. The current 2001 Area Classification for Output
Areas
Question 1: Do you know what the current 2001 Area Classification for Output
Areas (2001 OAC) is?
Table B.1: Responses to Question 1 of the 2011 OAC user engagement
Question 2: Do you (or your organisation) currently use the 2001 OAC?
Table B.2: Responses to Question 2 of the 2011 OAC user engagement
Question 2a: If you answered “Yes” how long have you (or your organisation)
been using the 2001 OAC for?
Table B.3: Responses to Question 2a of the 2011 OAC user engagement
All LA CG H PS CO AYes 97 (37) 100 (19) 50 (1) 100 (3) 100 (3) 100 (7) 100 (4)No 3 (1) 0 (0) 50 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Total 100 (38) 100 (19) 100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
All LA CG H PS CO AYes 61 (23) 47 (19) 0 (1) 100 (3) 67 (3) 71 (7) 100 (4)No 39 (15) 53 (0) 100 (1) 0 (0) 33 (0) 29 (0) 0 (0)
Total 100 (38) 100 (19) 100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
All LA CG H PS CO A1 year or less 13 (3) 11 (1) 0 (0) 0 (0) 0 (0) 20 (1) 25 (1)2 to 5 years 39 (9) 44 (4) 0 (0) 0 (0) 100 (2) 20 (1) 50 (2)Over 5 years 48 (11) 44 (4) 0 (0) 100 (3) 0 (0) 60 (3) 25 (1)
Total 100 (23) 100 (9) 0 (0) 100 (3) 100 (2) 100 (5) 100 (4)
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Question 3: If you answered “No” to Question 2 have you (or your organisation)
previously used the 2001 OAC?
Table B.4: Responses to Question 3 of the 2011 OAC user engagement
3a: If you answered “No” why have you never used the 2001 OAC?
Table B.5: Responses to Question 3a of the 2011 OAC user engagement
3b: If you answered “Yes” how long ago did you (or your organisation) stop using
the 2001 OAC?
Table B.6: Responses to Question 3b of the 2011 OAC user engagement
All LA CG H PS CO AYes 67 (10) 60 (6) 50 (1) 0 (0) 100 (1) 100 (2) 0 (0)No 27 (4) 30 (3) 50 (1) 0 (0) 0 (0) 0 (0) 0 (0)No Answer 7 (1) 10 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total 100 (15) 100 (10) 100 (2) 0 (0) 100 (1) 100 (2) 0 (0)
All LA CG H PS CO ANot useful 67 (2) 50 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)Did not knowit existed 27 (1) 0 (0) 100 (1) 0 (0) 0 (0) 0 (0) 0 (0)No Answer 7 (2) 50 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(5)
100
(4)
100
(1)
0 (0) 0 (0) 0 (0) 0 (0)
All LA CG H PS CO A1 year or less 18 (2) 14 (1) 0 (0) 0 (0) 0 (0) 50 (1) 0 (0)2 to 5 years 55 (6) 43 (3) 100 (1) 0 (0) 100 (1) 50 (1) 0 (0)Over 5 years 18 (2) 29 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)No Answer 9 (1) 14 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total 100 (11) 100 (7) 100 (1) 0 (0) 100 (1) 100 (2) 0 (0)
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3c: If you answered “Yes” why did you stop using the 2001 OAC?
Table B.7: Responses to Question 3c of the 2011 OAC user engagement
All LA CG H PS CO AUse CommercialSystems instead 42 (5) 38 (3) 0 (0) 0 (0) 100 (1) 50 (1) 0 (0)Need finergranularity thanOA 17 (2) 25 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Not realistic 8 (1) 13 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Not used 17 (2) 13 (1) 0 (0) 0 (0) 0 (0) 50 (1) 0 (0)
Could not usewith non-OAdatasets 8 (1) 0 (0) 100 (1) 0 (0) 0 (0) 0 (0) 0 (0)
No Answer 8 (1) 13 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(12)
100 (8) 100 (1) 0 (0) 100 (1) 100 (1) 0 (0)
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Question 4: What alternative commercial geodemographic classifications do you
(or your organisation) use?
Table B.8: Responses to Question 4 of the 2011 OAC user engagement
All LA CG H PS CO A
ACORN (CACI) 31 (14) 30 (6) 100 (2) 0 (0) 25 (1) 27 (3) 40 (2)
Mosaic (Experian) 31 (14) 40 (8) 0 (0) 67 (2) 25 (1) 27 (3) 0 (0)P² People & Places(Beacon Dodsworth) 2 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 20 (1)PersonicX (Acxiom) 4 (2) 5 (1) 0 (0) 0 (0) 25 (1) 0 (0) 0 (0)
CallCredit's tools 2 (1) 0 (0) 0 (0) 0 (0) 0 (0) 9 (1) 0 (0)Audiences InsightProfiles 2 (1) 0 (0) 0 (0) 0 (0) 0 (0) 9 (1) 0 (0)None 22 (10) 20 (4) 0 (0) 0 (0) 25 (1) 27 (3) 40 (2)
No Answer 4 (2) 5 (1) 0 (0) 33 (1) 0 (0) 0 (0) 0 (0)
Total
100
(45)
100
(20)
100 (2)
100
(3)
100
(4)
100
(11)
100
(5)
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Question 5: Please indicate the geographical coverage(s) you favour when using a
geodemographic classification?
Table B.9: Responses to Question 5 of the 2011 OAC user engagement
Question 6: Would you welcome a new version of the 2001 OAC?
Table B.10: Responses to Question 6 of the 2011 OAC user engagement
All LA CG H PS CO AUK 11(14) 5 (3) 22 (2) 8 (1) 20 (2) 19 (4) 13 (2)Country 11(13) 9 (5) 22 (2) 17 (2) 10 (1) 5 (1) 13 (2)Regional 9 (11) 9 (5) 11 (1) 8 (1) 10 (1) 10 (2) 6 (1)
County 11(13) 13 (7) 11 (1) 8 (1) 10 (1) 10 (2) 6 (1)Local Authority 24(30) 29(16) 11 (1) 17 (2) 20 (2) 24 (5) 25 (4)City, Town or Village 15(19) 16 (9) 11 (1) 17 (2) 20 (2) 14 (3) 13 (2)District or Area of aCity, Town or Village 18(22) 16 (9) 11 (1) 25 (3) 10 (1) 19 (4) 25 (4)No Answer 1 (1) 2 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(123)
100
(55)
100
(9)
100
(12)
100
(10)
100
(21)
101
(16)
All LA CG H PS CO AYes 89 (34) 95 (18) 100 (2) 67 (2) 100 (3) 86 (6) 75 (3)No 8 (3) 0 (0) 0 (0) 33 (1) 0 (0) 14 (1) 25 (1)No Answer 3 (1) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(38)
100 (19) 100 (2)
100
(3)
100
(3)
100
(7) 100(4)
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Question 7: Should a new 2011 Area Classification for Output Areas (2011 OAC)
be a general purpose classification (like the current 2001 OAC), or should it focus
on producing specialised variants (such as health, education or crime)?
Table B.11: Responses to Question 7 of the 2011 OAC user engagement
Question 8: Flexibility in specifying the variables that are to make up the 2011
OAC would open up a range of options for area classification using Open
Government Data. Is it important to you that the 2011 OAC be directly
comparable – in terms of similar census data being used to construct it - with the
2001 OAC?
Table B.12: Responses to Question 8 of the 2011 OAC user engagement
All LA CG H PS CO AGeneral purpose 55(21) 53(10) 100(2) 33 (1) 33 (1) 57 (4) 75 (3)Specialised variants 45(17) 47 (9) 0 (0) 67 (2) 67 (2) 43 (3) 25 (1)
Total
100
(38)
100
(19)
100
(2)
100
(3)
100
(3)
100
(7)
100
(4)
All LA CG H PS CO AYes 13 (5) 11 (2) 0 (0) 67 (2) 0 (0) 0 (0) 25 (1)
No 87 (33) 89 (17) 100 (2) 33 (1) 100 (3) 100 (7) 75 (3)
Total 100 (38) 100 (19) 100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
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Question 8a: If you answered ‘No’ then what are the other priorities that are
important to you in the construction of the 2011 OAC?
Table B.13: Responses to Question 8a of the 2011 OAC user engagement
All LA CG H PS CO A
Updateable 36(18) 36 (9) 50 (1) 50 (1) 50 (2) 36 (5) 0 (0)Better variables 46(23) 44(11) 0 (0) 50 (1) 50 (2) 50 (7) 67 (2)Relevant to specificwork areas 2 (1) 4 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)Better representationof local areas 6 (3) 12 (3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)Use of Open Datasources 4 (2) 4 (1) 0 (0) 0 (0) 0 (0) 7 (1) 0 (0)More documentation 2 (1) 0 (0) 0 (0) 0 (0) 0 (0) 7 (1) 0 (0)Creating a robustclassification 2 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 33 (1)No Answer 2 (1) 0 (0) 50 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(50)
100
(25)
100
(2)
100
(2)
100
(4)
100
(14)
100
(3)
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Question 9: The 2001 OAC divides the population of the UK into 7 Supergroups,
21 Groups and 52 Subgroups. How would you describe this framework when
using the 2001 OAC for your particular purposes?
Table B.14: Responses to Question 9 of the 2011 OAC user engagement
All LA CG H PS CO A
Extremely limited 3 (1) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Limited 15 (6) 15 (3) 0 (0) 67 (2) 33 (1) 0 (0) 0 (0)
Satisfactory 44 (17) 45 (9) 50 (1) 33 (1) 33 (1) 43 (3) 50 (2)
Good 31 (12) 30 (6) 50 (1) 0 (0) 33 (1) 29 (2) 50 (2)
Excellent 3 (1) 0 (0) 0 (0) 0 (0) 0 (0) 14 (1) 0 (0)
No Answer 5 (2) 5 (1) 0 (0) 0 (0) 0 (0) 14 (1) 0 (0)
Total
101
(39)
100
(20)
100
(2)
100
(3)
100
(3)
100
(7)
100
(4)
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B.1.1.2. New for the 2011 Area Classification for Output
Areas
Question 10: Thinking about how you use and interpret the 2001 OAC, how useful
do you think each to the following options would be to you for the 2011 OAC? (1 =
Not at all useful to 5 = Extremely useful)
10a. Maps in PDF (or similar) format that are not interactive
Table B.15: Responses to Question 10a of the 2011 OAC user engagement
10b. Online interactive maps with clickable details
Table B.16: Responses to Question 10b of the 2011 OAC user engagement
All LA CG H PS CO A1 21 (8) 16 (3) 0 (0) 33 (1) 67 (2) 29 (2) 0 (0)2 32 (12) 42 (8) 50 (1) 0 (0) 33 (1) 29 (2) 0 (0)3 24 (9) 26 (5) 0 (0) 33 (1) 0 (0) 29 (2) 25 (1)4 21 (8) 11 (2) 50 (1) 33 (1) 0 (0) 14 (1) 75 (3)5 3 (1) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)Do notknow 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(38)
100
(19)
100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
All LA CG H PS CO A1 5 (2) 11 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)2 3 (1) 0 (0) 0 (0) 0 (0) 0 (0) 14 (1) 0 (0)3 16 (6) 16 (3) 50 (1) 0 (0) 0 (0) 29 (2) 0 (0)4 42 (16) 42 (8) 50 (1) 67 (2) 33 (1) 43 (3) 25 (1)5 34 (13) 32 (6) 0 (0) 33 (1) 67 (2) 14 (1) 75 (3)Do notknow 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(38)
100
(19)
100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
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10c. Mapping against different backdrops (such as Google Maps or OpenStreetMap)
Table B.17: Responses to Question 10c of the 2011 OAC user engagement
10d. Correlation tables (showing to what extent the variables within the
classification correlate with each other)
Table B.18: Responses to Question 10d of the 2011 OAC user engagement
All LA CG H PS CO A1 8 (3) 16 (3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)2 8 (3) 0 (0) 100 (2) 0 (0) 33 (1) 0 (0) 0 (0)3 16 (6) 21 (4) 0 (0) 0 (0) 0 (0) 29 (2) 0 (0)4 42 (16) 42 (8) 0 (0) 67 (2) 33 (1) 43 (3) 50 (2)5 26 (10) 21 (4) 0 (0) 33 (1) 33 (1) 29 (2) 50 (2)Do notknow 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(38)
100
(19)
100 (2) 100 (3) 99 (3) 101 (7) 100 (4)
All LA CG H PS CO A1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)2 5 (2) 11 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)3 11 (4) 5 (1) 50 (1) 33 (1) 0 (0) 0 (0) 25 (1)4 42 (16) 47 (9) 50 (1) 67 (2) 0 (0) 43 (3) 25 (1)5 37 (14) 26 (5) 0 (0) 0 (0) 100 (3) 57 (4) 50 (2)Do notknow 5 (2) 11 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(38)
100
(19)
100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
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10e. Bar graphs of the group’s attributes
Table B.19: Responses to Question 10e of the 2011 OAC user engagement
10f. Radial plots of the group’s attributes
Table B.20: Responses to Question 10f of the 2011 OAC user engagement
All LA CG H PS CO A1 5 (2) 5 (1) 0 (0) 0 (0) 33 (1) 0 (0) 0 (0)2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)3 21 (8) 16 (3) 50 (1) 33 (1) 33 (1) 14 (1) 25 (1)4 50 (19) 47 (9) 50 (1) 67 (2) 33 (1) 43 (3) 75 (3)5 24 (9) 32 (6) 0 (0) 0 (0) 0 (0) 43 (3) 0 (0)Do notknow 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(38)
100
(19)
100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
All LA CG H PS CO A1 8 (3) 5 (1) 0 (0) 0 (0) 33 (1) 0 (0) 25 (1)2 5 (2) 5 (1) 0 (0) 33 (1) 0 (0) 0 (0) 0 (0)3 26 (10) 37 (7) 50 (1) 0 (0) 33 (1) 14 (1) 0 (0)4 32 (12) 26 (5) 50 (1) 67 (2) 33 (1) 29 (2) 25 (1)5 24 (9) 21 (4) 0 (0) 0 (0) 0 (0) 43 (3) 50 (2)Do notknow 5 (2) 5 (1) 0 (0) 0 (0) 0 (0) 14 (1) 0 (0)
Total
100
(38)
100
(19)
100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
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Question 11: Thinking about your own understanding of the existing 2001 OAC,
how useful do you think each of the following options would be to you for the
2011 OAC? (1 = Not at all useful to 5 = Extremely useful)
11a. Group Name
Table B.21: Responses to Question 11a of the 2011 OAC user engagement
11b. Graphical Representation (radial plots and bar graphs)
Table B.22: Responses to Question 11b of the 2011 OAC user engagement
All LA CG H PS CO A1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)2 3 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 25 (1)3 5 (2) 0 (0) 0 (0) 33 (1) 0 (0) 0 (0) 25 (1)4 34 (13) 42 (8) 50 (1) 33 (1) 0 (0) 29 (2) 25 (1)5 53 (20) 53 (10) 50 (1) 33 (1) 67 (2) 71 (5) 25 (1)Do notknow 5 (2) 5 (1) 0 (0) 0 (0) 33 (1) 0 (0) 0 (0)
Total
100
(38)
100
(19)
100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
All LA CG H PS CO A1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)2 5 (2) 0 (0) 0 (0) 0 (0) 33 (1) 14 (1) 0 (0)3 18 (7) 21 (4) 0 (0) 0 (0) 0 (0) 43 (3) 0 (0)4 45 (17) 37 (7) 50 (1) 100 (3) 33 (1) 29 (2) 75 (3)5 24 (9) 32 (6) 0 (0) 0 (0) 33 (1) 14 (1) 25 (1)Do notknow 8 (3) 11 (2) 50 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(38)
101
(19)
100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
Appendix B 433
11c. Group definitions (a written summary of the key characteristics of each group)
Table B.23: Responses to Question 11c of the 2011 OAC user engagement
11d. Key points of characteristics you would expect to find in each group
Table B.24: Responses to Question 11d of the 2011 OAC user engagement
All LA CG H PS CO A1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)2 3 (1) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)3 3 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 25 (1)4 34 (13) 32 (6) 50 (1) 33 (1) 0 (0) 29 (2) 75 (3)5 58 (22) 63 (12) 50 (1) 67 (2) 67 (2) 71 (5) 0 (0)Do notknow 3 (1) 0 (0) 0 (0) 0 (0) 33 (1) 0 (0) 0 (0)
Total
100
(38)
100
(19)
100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
All LA CG H PS CO A1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)4 32 (12) 16 (3) 100 (2) 33 (1) 0 (0) 29 (2) 100 (4)5 66 (25) 84 (16) 0 (0) 67 (2) 67 (2) 71 (5) 0 (0)Do notknow 3 (1) 0 (0) 0 (0) 0 (0) 33 (1) 0 (0) 0 (0)
Total
101
(38)
100
(19)
100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
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11e. Written ‘pen portraits’ of typical households found within each group
Table B.25: Responses to Question 11e of the 2011 OAC user engagement
11f. Written ‘pen portraits’ of typical housing and built environments found in each
group
Table B.26: Responses to Question 11f of the 2011 OAC user engagement
All LA CG H PS CO A1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)3 13 (5) 5 (1) 0 (0) 0 (0) 0 (0) 14 (1) 75 (3)4 29 (11) 26 (5) 100 (2) 33 (1) 33 (1) 14 (1) 25 (1)5 58 (22) 68 (13) 0 (0) 67 (2) 67 (2) 71 (5) 0 (0)Do notknow 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
101
(38)
100
(19)
100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
All LA CG H PS CO A1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)3 18 (7) 11 (2) 50 (1) 0 (0) 0 (0) 14 (1) 75 (3)4 32 (12) 32 (6) 0 (0) 33 (1) 33 (1) 43 (3) 25 (1)5 47 (18) 58 (11) 0 (0) 67 (2) 67 (2) 43 (3) 0 (0)Do notknow 3 (1) 0 (0) 50 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Total
101
(38)
100
(19)
100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
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Question 12: Do you agree with the view that it would be helpful to adjust the
composition of each group for different parts of the UK (so, for example, there
might be separate classifications made for London, or Scotland)?
Table B.27: Responses to Question 12 of the 2011 OAC user engagement
All LA CG H PS CO A
Stronglydisagree 13 (5) 11 (2) 0 (0) 0 (0) 33 (1) 14 (1) 25 (1)
Disagree 26 (10) 21 (4) 50 (1) 33 (1) 33 (1) 14 (1) 50 (2)
Neitheragree nordisagree 18 (7) 16 (3) 50 (1) 33 (1) 0 (0) 14 (1) 25 (1)
Agree 37 (14) 42 (8) 0 (0) 33 (1) 33 (1) 57 (4) 0 (0)
Stronglyagree 5 (2) 11 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(38)
100
(19)
100
(2)
100
(3)
100
(3)
100
(7)
100
(4)
436 Appendix B
Question 13: Please identify what, if any, extra features would you like the 2011
OAC to have when compared with the 2001 OAC
Table B.28: Responses to Question 13 of the 2011 OAC user engagement
All LA CG H PS CO A
OA Code Alias 2 (1) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
OAC Profiler 5 (2) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 20 (1)
Pen Portraits 17 (7) 20 (4) 50 (1) 0 (0) 0 (0) 25 (2) 0 (0)Diversityindicator 2 (1) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)Updateablevariables 2 (1) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)Linkages toother data 10 (4) 5 (1) 0 (0) 0 (0) 33 (1) 13 (1) 20 (1)Names for allgroups 10 (4) 5 (1) 0 (0) 0 (0) 0 (0) 25 (2) 20 (1)Commercialfeatures 5 (2) 0 (0) 0 (0) 33 (1) 0 (0) 13 (1) 0 (0)Raisedawareness 2 (1) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)No comment 44 (18) 45 (9) 50 (1) 67 (2) 67 (2) 25 (2) 40 (2)
Total
100
(41)
100
(20)
100
(2)
100
(3)
100
(3)
100
(8)
100
(5)
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B.1.1.3. Dissemination of the 2011 Area Classification for
Output Areas
Question 14: Which methods of dissemination for the 2011 OAC would you be
most likely to use?
Table B.29: Responses to Question 14 of the 2011 OAC user engagement
All LA CG H PS CO A
Online interactive mapping 15 (19) 15(10) 0 (0) 23(3) 18(2) 9 (2) 17(2)Enhanced online interactivemapping 18 (23) 19(13) 0 (0) 23(3) 27(3) 9 (2) 17(2)Microsoft Excel/CSV file(s) 27 (35) 27(18) 33(2) 15(2) 18(2) 32(7) 33(4)Software to append the 2011OAC codes to postcodes 18 (24) 15(10) 33(2) 23(3) 9 (1) 27(6) 17(2)Digital Boundary Data 23 (30) 24(16) 33(2) 15(2) 27(3) 23(5) 17(2)
Total
100
(131)
100
(67)
100
(6)
100
(13)
100
(11)
100
(22)
100
(12)
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Question 15: Other data sources could be used to give greater context to the 2011
OAC. Rather than contributing to the classification itself, these could be used to
help visualise the 2011 OAC in different ways. What (if any) data sources would
you like to be able to use alongside the final 2011 OAC output?
Table B.30: Responses to Question 15 of the 2011 OAC user engagement
All LA CG H PS CO AIndex of MultipleDeprivation(IMD) 62(33) 75(18) 100(2) 60 (3) 60 (3) 50 (5) 29 (2)
Temporal data 15 (8) 13 (3) 0 (0) 0 (0) 20 (1) 30 (3) 14 (1)
Health relateddata 4 (2) 0 (0) 0 (0) 40 (2) 0 (0) 0 (0) 0 (0)
Land use data 2 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 14 (1)
Weather historydata 2 (1) 0 (0) 0 (0) 0 (0) 20 (1) 0 (0) 0 (0)
Travel to Workareas 2 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 14 (1)
Other survey data 11 (6) 8 (2) 0 (0) 0 (0) 0 (0) 20 (2) 28 (2)
No Answer 2 (1) 4 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(53)
100
(24)
100
(2)
100
(5)
100
(5)
100
(10)
100
(7)
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B.1.1.4. Construction of the 2011 Area Classification for
Output Areas
Question 16: There are multiple levels of spatial resolution that data can be
produced. In addition to Output Areas are there any other spatial resolutions you
believe would benefit from having their own classification?
Table B.31: Responses to Question 16 of the 2011 OAC user engagement
All LA CG H PS CO ALSOA/DZ/SOA 30 (32) 34 (16) 25 (2) 14 (1) 27 (3) 29 (6) 36 (4)
MSOA 10 (11) 9 (4) 13 (1) 14 (1) 9 (1) 14 (3) 9 (1)
USOA 1 (1) 0 (0) 0 (0) 0 (0) 9 (1) 0 (0) 0 (0)
Postcode 3 (3) 0 (0) 0 (0) 0 (0) 0 (0) 14 (3) 0 (0)
Ward 22 (23) 28 (13) 13 (1) 0 (0) 18 (2) 19 (4) 27 (3)
Parishes 2 (2) 4 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)ParliamentConstituency 1 (1) 0 (0) 0 (0) 0 (0) 9 (1) 0 (0) 0 (0)LocalAuthorities 17 (18) 17 (8) 25 (2) 14 (1) 9 (1) 19 (4) 18 (2)Counties 5 (5) 4 (2) 13 (1) 14 (1) 9 (1) 0 (0) 0 (0)
Regions 7 (7) 4 (2) 13 (1) 14 (1) 9 (1) 5 (1) 9 (1)
No Answer 2 (2) 0 (0) 0 (0) 29 (2) 0 (0) 0 (0) 0 (0)
Total 100
(105)
100
(47)
100
(8)
100
(7)
100
(11)
100
(21)
100
(11)
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Question 17: The 2001 OAC uses only 2001 Census data in its construction. It has
been suggested that, in addition to using 2011 Census data, it might be possible
for the 2011 OAC to be enhanced with supplementary non-census open data
sources, and updated periodically over time. Would you find this beneficial?
Table B.32: Responses to Question 17 of the 2011 OAC user engagement
Question 18: It is unlikely that many open data sources will offer UK wide
coverage. What extent of coverage do you believe is a minimum requirement for
an acceptable general purpose classification?
Table B.33: Responses to Question 18 of the 2011 OAC user engagement
All LA CG H PS CO AYes 87 (33) 95 (18) 0 (0) 100 (3) 100 (3) 100 (7) 50 (2)No 5 (2) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 25 (1)Do notknow 8 (3) 0 (0) 100 (2) 0 (0) 0 (0) 0 (0) 25 (1)
Total
100
(38)
100
(19)
100 (2) 100 (3) 100 (3) 100 (7) 100 (4)
All LA CG H PS CO AUK only 10 (4) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 75 (3)
Countrywide 43(18) 43 (9) 50 (1) 0 (0) 40 (2) 71 (5) 25 (1)Regional 17 (7) 19 (4) 0 (0) 0 (0) 20 (1) 29 (2) 0 (0)
Local Authority 26(11) 33 (7) 0 (0) 100 (3) 20 (1) 0 (0) 0 (0)Ward 2 (1) 0 (0) 0 (0) 0 (0) 20 (1) 0 (0) 0 (0)
No Answer 2 (1) 0 (0) 50 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(42)
100
(21)
100
(2)
100
(3)
100
(5)
100
(7)
100
(4)
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Question 19: If the 2011 OAC could be updated with new data, how frequently
should this be done?
Table B.34: Responses to Question 19 of the 2011 OAC user engagement
Question 20: Change in the social, economic and demographic structure of areas
in the UK occurs at different rates. Instead of updating the 2011 OAC it might be
possible to use non-census sources to flag areas where population changes have
occurred, enabling the user to recognise parts of the UK where the classification
had probably become unreliable. Would you find this helpful?
Table B.35: Responses to Question 20 of the 2011 OAC user engagement
All LA CG H PS CO AOnce a year 42 (16) 37 (7) 0 (0) 67 (2) 33 (1) 71 (5) 25 (1)
Every two years 26 (10) 37 (7) 50 (1) 33 (1) 33 (1) 0 (0) 0 (0)Every threeyears or longer 29 (11) 26 (5) 50 (1) 0 (0) 33 (1) 29 (2) 50 (2)No Answer 3 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 25 (1)
Total
100
(38)
100
(19)
100
(2)
100
(3)
100
(3)
100
(7)
100
(4)
All LA CG H PS CO AYes 97 (37) 95 (18) 100 (2) 100 (3) 100 (3) 100 (7) 100 (4)No 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)Do not know 3 (1) 5 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total
100
(38)
100 (19) 100 (2)
100
(3)
100
(3)
100
(7)
100
(4)
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B.1.1.5. General Comments
 I think the [2001] OAC is a brilliant resource. [respondent 5]
 While I support the improvement of any Government data, I do think a carefulassessment of the economic damage that could be caused to commercial productssuch as Acorn or Mosaic. While the availability of more data is a good thing, thisshould be done in conjunction with the private sector; not in competition with it.[respondent 28]
 An incredibly valuable resource that in my view could be made more so. Commercialsystems are very costly and an open source classification that helps organisationsunderstand more about the communities they serve is invaluable. [respondent 31]
 I am wondering if it might be easier to use Lower Super Output Areas for the baseunit for the new classification instead of Output Areas. I am thinking that there maybe more other Open Data sources available at this level than at the Output Area level.[respondent 32]
 A classification which could encompass population change 1991-2011 as well as2011 characteristics and which could be applied to all three Censuses would be veryuseful. [respondent 35]
 [The 2001] OAC is a great classification, and I really appreciate its transparency,basis in open source data, and commitment to ground-truthing and academic use andreview. In many ways, I feel this makes it superior to all the commercially availableclassifications around, and I'd be sad to see it move away from this model (althoughI do understand that getting it more widely used is probably a priority). I'm a littlehesitant about pithy group names and pen portraits for this reason, although I cansee how some other users at my institution might find such representations the OAcharacteristics more accessible. [respondent 38]
B.1.1.6. Comments regarding the 2011 Area Classification
for Output Areas
 We consider that a general-purpose classification is an essential output. However,specialised variant classifications covering health, education and crime are becomingmore relevant. [respondent 1]
 [The] 2011 OAC should from the outset offer a credible alternative to commercialclassifications with the opportunities for significant cost savings across the publicsector organisations. [respondent 4]
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 I would like to see [the 2011] OAC developed to the extent that it could be used inplace of commercial data. This would reduce the cost of customer insight andencourage more Local Authorities to develop a greater understanding of the peopleliving in their communities. [respondent 8]
 We would prefer the 2011 OAC to be produced more timely than the 2001 OAC.[respondent 16]
 It may be helpful if the 2001 OAC could be reproduced based on the newmethodology to be consistent/compatible with the new 2011 OAC. [respondent 20]
 Outputs should include groups of 200 / 2,000 database analysis [respondent 33]
 Subsidiary specialist outputs made available - for example distance of Output Areafrom cluster centroid, an advantage of the 2011 OAC being transparent [respondent33]
 Marketing of the 2011 OAC is vital. [respondent 33]
 Rehearse the creation of 2011 OAC by using 2001 Census data. [respondent 33]
 Name the clusters: this might be done informally on a mirror site, such as the OACUser Group, rather than putting ONS in a difficult situation. [respondent 33]
 Create a user guide, giving simple descriptions of the clusters. [respondent 33]
 Code some surveys, such as the British Population Survey, to help with clusterdescriptions. [respondent 33]
 Make it easy for users to download not only [the 2011] OAC, but also the Coder (tocode postcode files), ONS’s Output Area boundaries and background mapping.[respondent 33]
 ONS should plan to rapidly add the 2011 OAC to its sample surveys such as the LivingCosts, Food Survey and the Wealth Assets Survey. This will create much additionalvalue. [respondent 33]
 The unique selling point for the OAC is an open and reproducible methodology - anydeviation from this will be detrimental to the overarching aims of the classification.[respondent 37]
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C.1. Pen Portraits for the 2011 OACThe following pen portraits provide descriptions of the likely dominant characteristicsof the residents who live in areas assigned to one of the 8 Supergroups, 26 Groups and76 Subgroups of the 2011 OAC. The descriptions for the Groups and Subgroups areorganised under their parent Supergroup heading.
C.1.1. Rural Residents
1 – Rural ResidentsThe population of this Supergroup live in rural areas that are far less densely populatedcompared with elsewhere in the country. They will tend to live in large detachedproperties which they own and work in the agriculture, forestry and fishing industries.The level of unemployment in these areas is below the national average. Each householdis likely to have multiple motor vehicles, and these will be the preferred method oftransport to their places of work. The population tends to be older, married and welleducated. An above average proportion of the population in these areas provide unpaidcare and an above average number of people live in communal establishments (mostlikely to be retirement homes). There is less ethnic integration in these areas andhouseholds tend to speak English or Welsh as their main language.
1a – Farming CommunitiesThis group has a lower population density than the Supergroup, and people are lesslikely to live in communal establishments. There is a higher proportion of householdsliving in detached properties when compared with the Supergroup and much lowerproportions living in terraced properties and flats. Households are less likely to live insocial rented accommodation. There is a higher proportion of people working in theagriculture industry compared with the Supergroup.
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1a1 – Rural Workers and FamiliesThe population of this Subgroup has a slightly higher proportion of people aged 0 to 4when compared with the Group. Households are slightly more likely to live in detachedproperties, and less likely to live in other types of property. They are also slightly morelikely to live in overcrowded conditions than the Group and for household members tobe unemployed.
1a2 – Established Farming CommunitiesCompared with the parent Supergroup, households in this Subgroup are more likely tolive in a terraced or end-terraced house. People are slightly more likely to use publictransport to get to work. Those in employment are more likely to work in financialrelated industries.
1a3 – Agricultural CommunitiesThis Subgroup has a lower population density than the Group. Compared with the Group,a higher proportion of households live in terraced properties or flats, and privately renttheir home. The proportion of people working in agricultural industries is higher thanthe parent Group.
1a4 – Older Farming CommunitiesThe age make up of this Subgroup is lower than the Group for younger ages, but higherfor ages 65 and over, and residents tend to live in more densely populated areas.Households are more likely to live in flats, though less likely to live in privately or sociallyrented accommodation. The proportion of people working in agricultural industries islower than for the parent Group.
1b – Rural TenantsThe age structure is very similar to the Supergroup, though people are less likely to livein communal establishments. Compared with the parent Supergroup, there is a higherproportion of households living in semi-detached, terraced properties and flats, with ahigher proportion socially renting. People are less likely to work in the agricultureindustry than for the parent Supergroup.
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1b1 – Rural LifeThis Subgroup is slightly more densely populated than the parent Group. Households areless likely to live in flats. There are slightly more people working in the manufacturingand energy industries.
1b2 – Rural White-Collar WorkersThis Subgroup is slightly less densely populated than the parent Group. When comparedwith the parent Group, a higher proportion of people work in the information andcommunication, and financial related industries, whilst unemployment is lower.
1b3 – Ageing Rural Flat TenantsWhen compared with the parent Group there is a higher proportion of people who areaged 65 and over, and they live in slightly denser populated areas. A higher proportionof households live in flats and socially rent, whilst a lower proportion of people work inthe information and communication, and financial industries.
1c – Ageing Rural DwellersThe age structure of this group shows has a lower proportion of people aged under 65,and higher proportions aged 65 and over, particularly for the 90 and over age group.People are more likely to live in communal establishments or in detached properties.
1c1 – Rural Employment and RetireesThis Subgroup has a lower proportion of people aged 90 or over compared with theparent Group. It has a slightly higher proportion of people who were born in the EU andwhose main language is not English or Welsh. The proportion of people working inagricultural industries is higher than the parent Group, and a higher proportion ofhouseholds live in private rented accommodation.
1c2 – Renting Rural RetirementThis Subgroup has a higher proportion of people aged 90 and over compared with theparent Group. There is a higher proportion of households who live in terracedproperties, and households are more likely to rent socially. The proportion of peopleworking in agricultural industries is lower than the parent Group.
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1c3 – Detached Rural RetirementThis Subgroup has a higher proportion of people aged 90 and over compared with theparent Group, a slightly higher proportion of households who live in detachedproperties, and a lower proportion who rent socially.
C.1.2. Cosmopolitans
2 – CosmopolitansThe majority of the population in this Supergroup live in densely populated urban areas.They are more likely to live in flats and communal establishments, and private renting ismore prevalent than nationally. The group has a high ethnic integration, with an aboveaverage number of residents from EU accession countries coinciding with a belowaverage proportion of persons stating their country of birth as the UK or Ireland. A resultof this is that households are less likely to speak English or Welsh as their main language.The population of the group is characterised by young adults, with a higher proportionof single adults and households without children than nationally. There are also higherproportions of full-time students. Workers are more likely to be employed in theaccommodation, information and communication, and financial related industries, andusing public transport, or walking or cycling to get to work.
2a – Students Around CampusCompared with the parent Supergroup a higher proportion of people live in communalestablishments. A lower proportion of people are married or divorced and a higherproportion are schoolchildren and full-time students. Households are more likely to livein terraced properties and to live in social rented accommodation compared with thenational average. There is also a higher prevalence of workers in the accommodation orfood service activities industries.
2a1 – Student Communal LivingThis Subgroup has a high proportion of people (largely students) living in communalestablishments compared with the Group. It also has a higher proportion of people whoare of Chinese ethnicity. The proportion of people who are schoolchildren or full-timestudents is higher than the Group.
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2a2 – Student DigsWhen compared with the parent Group, this Subgroup has a much lower proportion ofpeople living in communal establishments. There are lower proportions of people whoare married or separated. The proportion of households with full-time students is higherthan the parent Group, and households are more likely to be living in terraced housesand rented accommodation.
2a3 – Students and ProfessionalsThe population in this Subgroup contains higher proportions of children aged 0 to 14,and adults aged 25 and over than the parent Group. The Subgroup has a lower proportionof people living in communal establishments than the parent Group, with higherproportions of people who are married or separated.
2b – Inner City StudentsThe age profile of this group shows a high proportion of schoolchildren, full-timestudents, and people aged 25 to 44, though a lower proportion married or divorced.Households are more likely to live in flats, to live in private rented accommodation, andto have overcrowded conditions. A lower proportion of people provide unpaid care, anda higher proportion work in accommodation or food service activities industries.
2b1 – Students and CommutersThe proportion of people who are white is slightly higher than for the parent Group,however the representation of all other ethnic groups is lower. The proportion of peoplewith level 1 or 2, or apprenticeship qualifications is higher when compared with theparent Group. People are more likely to use private transport to travel to work.
2b2 – Multicultural Student NeighbourhoodThe population in this Subgroup has a lower proportion of people aged 45 to 89 whencompared with the parent Group. Its ethnic makeup has a higher proportion of personsof mixed ethnicity.
2c – Comfortable CosmopolitansThe age profile of this group shows a higher proportion of people age 45 and over thanthe parent Supergroup. A higher proportion of people are divorced. There is a lowerrepresentation for all non-White ethnic groups when compared with the Supergroup anda lower proportion of people born in the old EU. There is a lower proportion of
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households with full-time students and a higher proportion who live in flats. A higherproportion of workers are employed in the mining and manufacturing industries, andtravel to work using private transport.
2c1 – Migrant FamiliesThis Subgroup has a higher proportion of people aged 0 to 14 when compared with theparent Subgroup, with a higher proportion of residents of mixed ethnicity. Householdsare more likely to live in a detached, semi-detached or terraced property than the parentGroup. A higher proportion of workers are employed in manufacturing industries.
2c2 – Migrant CommutersThe population in this Subgroup has a higher proportion of people who are of Pakistaniethnicity when compared with the parent Group, and households are more likely to livein socially rented accommodation. A lower proportion of households had two or morecars.
2c3 – Professional Service CosmopolitansThis Subgroup had a lower proportion of people whose country of birth is in the new EU,and a lower proportion whose main language is not English or Welsh. When comparedwith the parent Group they are more likely to own their home, and less likely to live inovercrowded conditions. When compared with the other Subgroups for the parentGroup, this Subgroup has the lowest proportion of people who are unemployed.
2d – Aspiring and AffluentThe proportion of people age 0 to 14 is higher than for the parent Supergroup. A higherproportion of people are married. There is a higher proportion of people who are ofmixed ethnicity. A lower proportion of households have full-time students. Comparedwith the Supergroup a higher proportion of households live in semi-detached or terracedproperties. People are more likely to work in the information and communication, andfinancial related industries, and use public transport to get to work.
2d1 – Urban Cultural MixWhen compared with the Group a higher proportion of people are of Indian ethnicity. Alower proportion of people were born in the old EU whereas a higher proportion wereborn in the new EU. They are more likely to live in a detached or semi-detached property.
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2d2 – Highly-Qualified Quaternary WorkersThe label ‘quaternary’ refers loosely to ‘intellectual’ activities. In comparison with theparent Group there is a higher proportion of people aged 5 to 14, and a lower proportionof persons of Indian ethnicity. Households are more likely to live in terraced or end-terraced properties.
2d3 – EU White-Collar WorkersA key characteristic for this Subgroup is the higher proportion of persons born in otherEU countries, and most noticeably in other old EU countries, relative to the overall UKfigure, and the parent Group. When compared with the parent Group, a higherproportion of the people in this Subgroup are Arab or of ‘other’ ethnic group. Householdsare more likely to live in flats and to be living in overcrowded conditions. Householdsare less likely to have two or more cars and also less likely to use private transport totravel to work.
C.1.3. Ethnicity Central
3 – Ethnicity CentralThe population of this group is predominately located in the denser central areas ofLondon, with other inner urban areas across the UK having smaller concentrations. Allnon-white ethnic groups have a higher representation than the UK average especiallypeople of mixed ethnicity or who are Black, with an above average number of residentsborn in other EU countries. Residents are more likely to be young adults with slightlyhigher rates of divorce or separation than the national average, with a lower proportionof households having no children or non-dependent children. Residents are more likelyto live in flats and more likely to rent. A higher proportion of people use public transportto get to work, with lower car ownership, and higher unemployment. Those inemployment are more likely to work in the accommodation, information andcommunication, financial, and administrative related industries.
3a – Ethnic Family LifeWhen compared with the parent Supergroup, this group has a higher level of all non-White ethnic groups. There is a lower proportion of people born in the old EU but ahigher proportion were born in the new EU. There is a higher proportion of people
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whose main language is not English or Welsh. Households are more likely to live indetached, semi-detached or terraced properties.
3a1 – Established Renting FamiliesThis Subgroup has a lower proportion of people who have Indian or Pakistani ethnicitywhen compared with the Group. The population is less likely to have been born in thenew EU, and more likely to have dependent children. Households are more likely to bein socially rented accommodation.
3a2 – Young Families and StudentsIn comparison with the parent Group this Subgroup has a higher proportion of peoplewho are of Indian or Pakistani ethnicity. Country of birth for residents is more likely tohave been in one of the new EU countries, and residents are more likely to have higherlevel qualifications. Households are more likely to be privately renting than the parentGroup and less likely to be social renting.
3b - Endeavouring Ethnic MixThis group has a higher proportion of people who belong to the Bangladeshi ethnic groupthan the parent Supergroup but a lower proportion of those in Pakistani and Indianethnic groups. There is a higher proportion of people who were born in the old EUcountries. Households are more likely to live in flats and to socially rent than for theSupergroup. Overcrowding is also more prevalent, and public transport more commonlyused to get to work.
3b1 – Striving Service WorkersThe population of this Subgroup has a lower proportion of people who have Bangladeshiethnicity than the Group but a higher proportion who have Black ethnicity. A lowerproportion of households are likely to live in privately rented accommodation. Most ofthe other characteristics are similar to the parent Group.
3b2 – Bangladeshi Mixed EmploymentA lower proportion of people in this Subgroup are of mixed or Black ethnic origin whencompared with the Group but a far higher proportion of people have Bangladeshiethnicity. A higher proportion of people whose main language is not English or Welshare present in the Subgroup.
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3b3 – Multi-Ethnic Professional Service WorkersWhen compared with the Group there is a higher proportion of people who are of Indianethnicity but a lower proportion of Bangladeshi ethnicity. There is a higher proportionof people born in other EU countries with households more likely to live in privatelyrented accommodation in comparison with the parent Group.
3c – Ethnic DynamicsIn this group non-White ethnic groups are not represented as highly as in the parentSupergroup and there is a higher proportion of people born in the UK or Ireland.Households are more likely to live in a flat and to socially rent. There is a higherproportion of unemployed in the group but those in employment are more likely to workin the manufacturing industry, and to use private transport to travel to work.
3c1 – Constrained NeighbourhoodsIn comparison with the Group, this Subgroup has a higher proportion of people who havemixed ethnicity. Households are more likely to live in terraced properties. People in workare slightly more likely to work in manufacturing industries, and households more likelyto own two or more cars.
3c2 – Constrained CommutersThe population of this Subgroup has a lower proportion of people aged 65 and over thanthe parent Group. It also has a lower proportion of people with mixed ethnicity.Households in this Subgroup are more likely to live in flats, and to use public transportfor getting to work.
3d – Aspirational TechiesWith the exception of the Indian and mixed ethnic group, this group has a lowerrepresentation of all non-White ethnic groups than in the parent Supergroup. There is ahigher proportion of people born in the old EU but a lower proportion whose mainlanguage is not English or Welsh. Households are more likely to live in semi-detached orterraced properties, and to live in privately rented accommodation. Workers are morelikely to be employed in the information and communication industries, and to travel towork using public transport.
Appendix C 453
3d1 – New EU Tech WorkersThe population of this Subgroup has a higher proportion of people who are of Indian orPakistani ethnicity than the parent Group, and a higher proportion born in the new EUcountries. Households are more likely to live in detached properties than the Group, andto live in privately rented accommodation. A higher proportion of people work in miningrelated industries, and use private transport for travelling to work.
3d2 – Established Tech WorkersThe population of this Subgroup is slightly more likely to have Black ethnicity and morelikely to be born in the UK or Ireland, and to have non-dependent children. There is ahigher proportion of households who live in terraced housing, and a higher proportionliving in socially rented accommodation. Households are also less likely to live inovercrowded conditions.
3d3 – Old EU Tech WorkersThe population of this Subgroup is more likely to have Bangladeshi ethnicity, and to havebeen born in old EU countries. A higher proportion of households live in flats, andhouseholds are more likely to be living in socially rented accommodation.
C.1.4. Multicultural Metropolitans
4 – Multicultural MetropolitansThe population of this Supergroup is concentrated in larger urban conurbations in thetransitional areas between urban centres and suburbia. They are likely to live in terracedhousing that is rented – both private and social. The group has a high ethnic mix, but abelow average number of UK and Irish born residents. A result of this is that householdsare less likely to speak English or Welsh as their main language. Residents are likely tobe below retirement age. There is likely to be an above average number of families withchildren who attend school or college, or who are currently too young to do so. The ratesof marriage and divorce are broadly comparable with the national average. The level ofqualifications is just under the national average with the rates of unemployment beingabove the national average. Residents who are employed are more likely to work in thetransport and administrative related industries. Public transport is the most likelymethod for individuals to get to and from work, since households are less likely to havemultiple motor vehicles available to them.
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4a – Rented Family LivingThis group has a higher representation of White and mixed ethnicity residents than theSupergroup and a lower proportion of people whose main language is not English orWelsh. Households are more likely to live in terraced properties or flats, and to sociallyrent their property.
4a1 – Social Renting Young FamiliesThis Subgroup, when compared with the parent Group, has a higher proportion ofchildren aged 5 to 14, a higher proportion of people who have Pakistani ethnicity, and ahigher proportion who were born in the UK or Ireland. Households are more likely tolive in semi-detached properties, and to live in social rented accommodation.Unemployment is more prevalent when compared with the parent Group.
4a2 – Private Renting New ArrivalsWhen compared with the Group, this population of this Subgroup has a lower proportionof people who have Black or of mixed ethnicity. Residents are more likely to have beenborn in other EU countries. Households are more likely to be living in private rentedaccommodation.
4a3 – Commuters with Young FamiliesThe population of this Subgroup has a lower proportion of people who are of Pakistaniethnicity, but a higher proportion of Black ethnicity when compared with the Group.Households are more likely to live in flats and to live in overcrowded conditions. Peopleare more likely to work in the information and communication, and financial relatedindustries.
4b – Challenged Asian TerracesThe population of this group has a higher proportion of non-White ethnic groups thanthe parent Supergroup especially people of the Pakistani ethnic group, and a higherproportion of 0 to 14 year-olds. It is more likely that their main language is not Englishor Welsh. A higher proportion of households live in terraced properties, andovercrowding is more prevalent. When compared with the Supergroup more people arelikely to be unemployed, and those in employment to be working in the accommodationand food service industries.
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4b1 – Asian Terraces and FlatsThe population of this Subgroup has a higher representation of people from Indian, Blackand Chinese ethnic groups, and a higher proportion of residents born in the new EUcountries. Households are more likely to live in flats.
4b2 – Pakistani CommunitiesA key distinguishing feature of this Subgroup is the high proportion of people withPakistani ethnicity, though residents are also more likely to have been born in the UK orIreland, though less likely to speak English or Welsh as their main language. There is aslightly higher proportion of households who live in terraced housing, and also a higherproportion owning their property.
4c – Asian TraitsThe population of this group has a higher proportion of people who are of Chineseethnicity and particularly of Indian ethnicity. Compared with the parent Supergroup,households are more likely to live in detached and semi-detached properties, and to owntheir own home. A higher proportion of households have two or more cars,unemployment is lower, and workers are more likely to work in the Information andcommunication, and financial related industries.
4c1 – Achieving MinoritiesThe population of this Subgroup has a higher proportion of people who have Pakistaniethnicity, and lower proportions with Chinese and Black ethnicity than the parent Group.A lower proportion of residents were born in other EU countries. Households are morelikely to live in detached and semi-detached properties, and to own their own property.Households are also less likely to live in overcrowded conditions.
4c2 – Multicultural New ArrivalsThe population of this Subgroup has a higher representation of all non-White ethnicgroups than the parent Group. A higher proportion of residents were born in new EUcountries and a higher proportion without English or Welsh as their main language.Households are more likely to live in terraced properties or flats and to live inovercrowded conditions.
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4c3 – Inner City Ethnic MixCompared with the parent Group, there is a higher representation of persons of mixedethnicity, but lower representation for the other non-White ethnic groups, and a lowerproportion of people whose main language is not English or Welsh. When compared withthe parent Group, there is a lower proportion of households with non-dependentchildren, and households are more likely to live in flats.
C.1.5. Urbanites
5 – UrbanitesThe population of this group are most likely to be located in urban areas in southernEngland and in less dense concentrations in large urban areas elsewhere in the UK. Theyare more likely to live in either flats or terraces, and to privately rent their home. TheSupergroup has an average ethnic mix, with an above average number of residents fromother EU countries. A result of this is households are less likely to speak English or Welshas their main language. Those in employment are more likely to be working in theinformation and communication, financial, public administration and education relatedsectors. Compared with the UK, unemployment is lower.
5a – Urban Professionals and FamiliesThe population of this group shows a noticeably higher proportion of children aged 0 to14 than the parent Supergroup and a lower proportion aged 90 and over. There is also ahigher proportion of people with mixed ethnicity. Households in this group are morelikely to live in terraced properties and to live in privately rented accommodation.Unemployment is slightly higher than for the parent Supergroup.
5a1 – White ProfessionalsThe population of this Subgroup has a lower representation of all ethnic groups, otherthan White when compared with the parent Group. Residents are less likely to have beenborn in other EU countries and more likely to have English or Welsh as their mainlanguage. Households are more likely to live in detached or semi-detached properties.
5a2 – Multi-Ethnic Professionals with FamiliesThe population of this Subgroup has a higher representation of all non-White ethnicgroups than the parent Group, and in particular representation of persons with Indian
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or mixed ethnicity. Households are more likely to live in detached or semi-detachedproperties, and to live in socially rented accommodation. There is a higher proportion ofpeople working in the information and communication, and financial related industries.
5a3 – Families in Terraces and FlatsWhen compared with the parent Group, this Subgroup has a higher proportion ofhouseholds living in terraced properties or flats, with households more likely to renttheir accommodation, either privately or socially. Households are more likely to live inovercrowded conditions than the parent Group and less likely to have two or more cars.
5b – Ageing Urban LivingThe population of this group shows a higher proportion of people aged 65 and over thanthe parent Supergroup. Residents are more likely to live in communal establishments,detached properties and flats than the Supergroup, with a higher proportion ofhouseholds living in socially rented accommodation.
5b1 – Delayed RetirementThe population of this group shows a lower proportion of people aged 90 and over thanthe parent Group, and households are more likely to live in flats, though are less likely tosocially rent. There is a higher proportion of people who use public transport to get towork and they are more likely to work in the information and communication, andfinancial related industries.
5b2 – Communal RetirementA distinguishing feature of this Subgroup is the high proportion of people living incommunal establishments. The population of this Subgroup shows a higher proportionof people aged 90 and over than the parent Group. There is also a higher proportion ofhouseholds living in terraced properties than the parent Group.
5b3 – Self-Sufficient RetirementA lower proportion of people live in communal establishments than the parent Group.Compared with the Group a higher proportion of households live in terraced propertiesand households are more likely to live in socially rented accommodation.
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C.1.6. Suburbanites
6 – SuburbanitesThe population of this Supergroup is most likely to be located on the outskirts of urbanareas. They are more likely to own their own home and to live in semi-detached ordetached properties. The population tends to be a mixture of those above retirement ageand middle-aged parents with school age children. The number of residents who aremarried or in civil-partnerships is above the national average. Individuals are likely tohave higher-level qualifications than the national average, with the levels ofunemployment in these areas being below the national average. All non-White ethnicgroups have a lower representation when compared with the UK and the proportion ofpeople born in the UK or Ireland is slightly higher. People are more likely to work in theinformation and communication, financial, public administration, and education sectors,and use private transport to get to work.
6a – Suburban AchieversWhen compared with the parent Supergroup a higher proportion of households live indetached properties and flats, and are less likely to rent their accommodation or live inovercrowded conditions. People of Indian ethnicity are over-represented whencompared with the Supergroup. Higher proportions of people have higher qualifications,and are more likely to work in the information and communication, and financial relatedindustries.
6a1 – Indian Tech AchieversAll non-White ethnic groups are well represented in this Subgroup in comparison to theparent Group, people of Indian ethnicity being particularly well represented. There is ahigher proportion of people born in other EU countries, and whose main language is notEnglish or Welsh. Households are more likely to live in semi-detached properties.Compared with the parent Group there is a higher proportion of people working in theinformation and communication, and financial related industries, and workers usingpublic transport.
6a2 – Comfortable SuburbiaThe population of this group has a higher proportion of people aged 0 to 44 but a lowerproportion aged 65 and over than the parent Group. Households are less likely to live in
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semi-detached properties or flats, but more likely to live in detached or terracedproperties.
6a3 – Detached Retirement LivingThis Subgroup has a higher proportion of people aged 65 to 89 than the parent Group.There is a lower representation of all non-White ethnic groups in the Subgroup.Households are more likely to live in semi-detached properties.
6a4– Ageing in SuburbiaThe population of this Subgroup has a higher proportion of people aged 65 and over thanthe parent Group. A much higher proportion of households live in flats, and householdsare more likely to live in privately rented accommodation. Households are also morelikely to live in overcrowded conditions.
6b – Semi-Detached SuburbiaPeople in this group are slightly more likely to be divorced or separated than those in theSupergroup. Households are more likely to live in semi-detached and terracedproperties, with a higher proportion of households renting their accommodation.
6b1 – Multi-Ethnic SuburbiaAll the non-White ethnic groups are represented more highly in this Subgroup incomparison with the parent Group. There are also higher proportions of people born inthe new EU countries and people whose main language is not English or Welsh.Households are more likely to live in semi-detached properties and to live inovercrowded conditions. A higher proportion of workers use public transport tocommute to work.
6b2 – White Suburban CommunitiesEthnic group representation, including persons with White ethnicity, is very similar tothe parent Group. The population of this Subgroup has a lower proportion of people aged65 and over than the parent Group. Households are more likely to live in detached orterraced properties, and to live in privately rented accommodation.
6b3 – Semi-Detached AgeingThis Subgroup has a higher proportion of people aged 65 to 89 than the parent Group.All non-White ethnic groups have a lower representation in this Subgroup when
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compared with the parent Group. A higher proportion of households live in semi-detached properties, and own their own property.
6b4 – Older Workers and RetirementThere is a higher proportion of residents aged 65 to 89 within this Subgroup than theparent Group, and households are more likely to live in detached properties or flats. Ahigher proportion of households socially rent their accommodation, and a higherproportion are likely to live in overcrowded conditions.
C.1.7. Constrained City Dwellers
7 – Constrained City DwellersThis Supergroup has a lower proportion of people aged 5 to 14 and a higher level aged65 and over than nationally. It is more densely populated than the UK average. Peopleare more likely to be single or divorced. There is a lower representation of all the non-White ethnic groups and of people who were born in other EU countries. There is a lowerproportion of households with no children. Households are more likely to live in flatsand to live in social rented accommodation, and there is a higher prevalence ofovercrowding. There is a higher proportion of people whose day-to-day activities arelimited, and lower qualification levels than nationally. There is a higher level ofunemployment in the Supergroup. There are no particular industries in which workersare most likely to be employed, but some industries such as information andcommunication, and the education sector are underrepresented.
7a – Challenged DiversityThe population of this group have a higher level of people aged 0 to 14 in comparisonwith the Supergroup. All non-White ethnic groups have a higher representation thannationally, especially people who have mixed ethnicity. A higher proportion ofhouseholds live in terraced properties, and are more likely to live in private rentedaccommodation when compared with the Supergroup. Car ownership is generally higherthan the Supergroup, and people are more likely to be employed in information andcommunication related industries.
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7a1 – Transitional Eastern European NeighbourhoodAll non-White ethnic groups have a lower representation in this Subgroup whencompared with the parent Group. A higher proportion of people were born in the newEU countries and there is a higher proportion whose main language is not English orWelsh. Households are more likely to live in detached properties and a greaterproportion live in privately rented accommodation when compared with the parentGroup. People are more likely to work in the agriculture and manufacturing relatedindustries, and to use private transport to get to work.
7a2 – Hampered AspirationThe population of this Subgroup has a lower representation of people of mixed ethnicityor of Black ethnicity when compared with the parent Group. A higher proportion ofhouseholds live in terraced houses and in privately rented accommodation whencompared with the parent Group. A higher proportion of people work in the informationand communication, financial, and public administration related industries.
7a3 – Multi-Ethnic HardshipThe age make-up of this Subgroup is higher in the 5 to 14 age group when compared withthe parent Group. Whilst there are higher proportions of people of mixed or Blackethnicity, all ethnic groups are well represented, though a lower proportion of peoplewere born in other EU countries. Households were more likely to live in semi-detachedproperties and were more likely to live in socially rented accommodation. Workers weremore likely to be employed in transport or storage industries.
7b – Constrained Flat DwellersThis group is characterised by people living in flats, with a higher proportion living insocially rented accommodation than for the Supergroup. Ethnic groups generally have asimilar representation as for the Supergroup, persons of mixed ethnicity areunderrepresented. There is a lower proportion of households with two or more cars.
7b1 – Eastern European CommunitiesThe population of this group has a higher proportion of people aged 0 to 14 than theparent Group and a lower proportion aged 65 and over. A higher proportion of peoplewere born in the new EU countries. There is also a higher proportion of people whosemain language is not English or Welsh. Households are more likely to live in socially
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rented accommodation, with workers more likely to be employed in manufacturingindustries.
7b2 – Deprived NeighbourhoodsThe age structure for this Subgroup is very similar to the parent Group, with a lowerproportion of people born in the new EU countries, and whose main language is notEnglish or Welsh. Households are less likely to own their property and more likely tosocially rent. There is a higher proportion of unemployed people.
7b3 – Endeavouring Flat DwellersIn this Subgroup there is a lower proportion of people born in new EU countries. Thereis also a lower proportion of people whose main language is not English or Welsh. Incomparison with the parent Group households are more likely to have no children, andto own their accommodation, but they are also more likely to be living in privately rentedaccommodation. People are less likely to be unemployed and there is a higher proportionof people working in the information and communication, finance and publicadministration, and education related sectors.
7c – White CommunitiesThe population of this group are more likely to be white when compared with the parentSupergroup, with a lower representation of all other ethnic groups, and a lowerproportion of people born in other EU countries. There is a higher proportion ofhouseholds with non-dependent children, with households more likely to be living insemi-detached and terraced properties, and owning their own accommodation.
7c1 – Challenged TransitionariesHouseholds in this Subgroup are more likely to live in terraced properties than those inthe parent Group. There is a lower proportion social renting and a higher proportionrenting privately compared with the parent Group. People are less likely to beunemployed and are more likely to work in the information and communication, andfinancial related industries.
7c2 – Constrained Young FamiliesThe population of this Subgroup shows a higher proportion of people aged 0 to 14 thanthe parent Group and a lower proportion of families with no children. Households aremore likely to live in terraced properties and to socially rent their accommodation. There
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is a higher proportion of people who are unemployed and those in employment are morelikely to work in the accommodation or food service activities industries.
7c3 – Outer City HardshipThe population of this Subgroup has a higher proportion of people aged 65 and overwhen compared with the parent Group. Households are more likely to live in detachedand semi-detached properties, and private renting is slightly more prevalent than theparent Group. There is a higher proportion of households with two or more cars and alower proportion of people who use public transport to get to work.
7d – Ageing City DwellersThe population of this group shows a higher proportion of people aged 65 and over whencompared with the parent Supergroup, and residents are more likely to live in communalestablishments and less likely to be single. There is a higher proportion of householdsliving in detached properties and flats. A lower proportion of people are unemployed.
7d1 – Ageing Communities and FamiliesThe age profile of this Subgroup shows a higher proportion of people aged 0 to 14 and alower proportion aged 90 and over. People are less likely to live in communalestablishments than the parent Group. There is a higher proportion of households livingin detached and semi-detached properties, and households owning their own property.Households are more likely to have two or more cars. There is a higher proportion ofpeople working in the information and communication, and education related sectors.
7d2 – Retired Independent City DwellersWhen compared with the parent Group there is a higher proportion of households livingin flats, and in socially rented accommodation. There is a lower proportion of householdswith two or more cars, but higher unemployment amongst residents.
7d3 – Retired Communal City DwellersThe population of this Subgroup shows a lower proportion of people aged 0 to 14 thanthe parent Group but a higher proportion aged 90 and over. A much higher proportionof people live in communal establishments. When compared with the parent Group ahigher proportion of households live in detached, semi-detached or terraced properties,privately rent their accommodation, and have two or more cars.
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7d4 – Retired City HardshipThe age profile of this Subgroup shows a higher proportion of the population aged 65and over, though residents are less likely to live in communal establishments or to besingle. There is a lower proportion of households with no children and non-dependentchildren. Households are more likely to live in flats, and more likely to rent socially.People in this Subgroup are less likely to have qualifications, and due to the age structureare less likely to work in any of the identified industry categories.
C.1.8. Hard-Pressed Living
8 – Hard-Pressed LivingThe population of this group is most likely to be found in urban surroundings,predominately in northern England and southern Wales. There is less non-White ethnicgroup representation than elsewhere in the UK, and a higher than average proportion ofresidents born in the UK and Ireland. Rates of divorce and separation are above thenational average. Households are more likely to have non-dependent children and aremore likely to live in semi-detached or terraced properties, and to socially rent. There isa smaller proportion of people with higher level qualifications, with rates ofunemployment above the national average. Those in employment are more likely to beemployed in the mining, manufacturing, energy, wholesale and retail, and transportrelated industries.
8a – Industrious CommunitiesAge structure and ethnic group representation broadly reflects the parent Supergroup.There is a higher proportion of households living in detached and semi-detachedproperties, with slightly higher property ownership than for the Supergroup.Industrious communities have a broadly similar demographic to the Supergroup interms of age group, occupation and population density, however slightly lessovercrowding exists in this group. Ownership of two or more cars or vans is alsomarginally higher.
8a1 – Industrious TransitionsThe Subgroup is broadly similar to the parent Group in terms of age groups and ethnicdiversity. Compared with the parent Group, social renting is less common while a higherproportion of residents live in detached properties. This Subgroup exhibits slightly
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higher proportions of residents in the information and communication, and financialrelated industries, together with slightly higher levels of educational qualifications.
8a2 – Industrious HardshipAge structure and ethnicity for this Subgroup are consistent with the parent Group.This Subgroup has a higher proportion of residents who live in semi-detachedproperties, and social renting is more common, with marginally higher overcrowding.There is a smaller proportion of people in the information and communication, andfinancial related industries, and slightly higher levels of unemployment.
8b – Challenged Terraced WorkersA key difference with this group compared with the parent Supergroup is the dominanceof terraced housing over other types. Ownership of two or more cars and non-Whiteethnic group representation is also lower. The group has a similar age structure to theSupergroup and similar employment characteristics.
8b1 – Deprived Blue-Collar TerracesWhilst for this Subgroup, the age structure is broadly similar to the parent Group, it ischaracterised by a higher degree of non-White ethnic group representation, and higherlevels of households in private rented accommodation. There are also marginally higherlevels of educational qualifications with employment in the information andcommunication, financial, and education sectors more prevalent than with the parentGroup.
8b2 – Hard-Pressed Rented TerracesFor this Subgroup, age structure and representation of ethnic groups are broadly similarto the parent Group. There is a higher proportion of households living in semi-detachedproperties, and a noticeably higher proportion living in socially rented accommodation.There is also a slightly higher use of public transport for commuting to work.
8c – Hard-Pressed Ageing WorkersResidents who live in this group have a broadly similar age structure to the Supergroup,though a smaller proportion of young people and higher proportion of older people.There is less non-While ethnic group representation than with the parent Supergroup.Employment characteristics for this group closely reflect those for the Supergroup.
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8c1 – Ageing Industrious WorkersThis Subgroup is characterised by a slightly older age profile, and a higher proportion ofmixed ethnicity of the residents compared with the parent Group. Households are morelikely to live in detached properties, and to live in privately rented accommodation.Residents have higher educational qualifications, whilst workers are more likely to beemployed in the information and communication, and financial related industries.
8c2 – Ageing Rural Industry WorkersThe age structure is very similar to the parent Group, though there is lower non-Whiteethnic group representation. Households are slightly more likely to live detached orterraced housing, and to be living in private rented accommodation when compared withthe parent Group. This Subgroup contains considerably higher proportions of workersin agriculture, forestry and fishing occupations than the parent Group, with a higherproportion of people walking and/or cycling to work.
8c3 – Renting Hard-Pressed WorkersThis Subgroup has smaller proportions of older residents, and ethnic grouprepresentation is reasonably similar to the parent Group. A higher proportion ofhouseholds live in semi-detached properties and flats compared with the parent Group,and households are more likely to live in socially rented accommodation. Householdovercrowding and unemployment is marginally higher than the parent Group. Workersare more likely to work in transport or storage industries, and to use public transport totravel to work.
8d – Migration and ChurnThis group has a higher proportion of children aged 0 to 14 than the Supergroup, with ahigher representation of non-While ethnic groups. Households are more likely to live interraced houses or flats, and to socially rent their property. Unemployment is noticeablyhigher than for the Supergroup, and people are more likely to be employed in the tertiaryindustry (service) sector, and use public transport to get to work.
8d1 – Young Hard-Pressed FamiliesThe age structure for this Subgroup largely reflects the parent Group. There is a lowernon-White ethnic group representation, particularly for people of mixed ethnicity.Households in socially rented accommodation are more prevalent than with the parent
Appendix C 467
Group, and unemployment is higher. Certain industries such as the information andcommunication related industries are underrepresented with this Subgroup.
8d2 – Hard-Pressed Ethnic MixThis Subgroup is generally characterised by higher levels of non-White ethnic grouprepresentation, particularly of persons of mixed and Black ethnicity, together with anolder age structure than for the parent Group. Households are more likely to live in flats,and more likely to own their own property. There are also a higher proportion ofworkers in the information and communication, and financial related industries, whilstunemployment is marginally lower than for the parent Group.
8d3 – Hard-Pressed European SettlersThe key characteristic of this Subgroup is the higher proportion of residents who wereborn in new EU countries compared with the parent Group, and a younger age structure.Main language not English or Welsh is also more prevalent. Households in this Subgroupare more likely to live in privately rented accommodation when compared with theparent Group. Unemployment is marginally lower than for the parent Group, with thosein employment more likely to travel to work by walking or cycling, and employed inagriculture and manufacturing related industries.
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C.2. Towns and cities used for geographic distribution analysis
The following towns and cities were used to test how the distributions of the 167variables initially selected to be part of the 2011 OAC, and the final selection of 60 variedbetween different urban areas in the UK. The results of this analysis are discussed inSections 7.2.2.4 and 7.2.3.
AberdeenBelfastBirminghamBradfordBrighton and HoveBristolCardiffCoventryDundeeEdinburghGlasgowKingston upon HullLeedsLeicesterLiverpoolLondonManchesterNewcastle upon TyneNottinghamPlymouthSheffieldSouthamptonStoke-on-TrentSwanseaWolverhampton
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Figure C.1 (Part 1): Distribution plots of the 2011 OAC's 167 initially selected variables
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Figure C.1 (Part 2): Distribution plots of the 2011 OAC's 167 initially selected variables
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Figure C.2 (Part 1): Histograms of the potential 2011 OAC datasets distributions
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Figure C.2 (Part 2): Histograms of the potential 2011 OAC datasets distributions
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Figure C.2 (Part 3): Histograms of the potential 2011 OAC datasets distributions
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C.5. 2011 OAC final variable selection rationale
Table C.1: Rationale for the 2011 OAC final variable selection
Code Variable Name Kept, rejected or merged
u001 Males Rejected due to negative correlation with u002 and novariation across the UK
u002 Females Rejected due to negative correlation with u001 and novariation across the UK
u003 Persons living in a household Rejected due to negative correlation with u004 and highlyskewed distribution across the UK
u004 Persons living in a communalestablishment
Kept, despite highly skewed distribution across the UK andWCSS analysis suggesting it performs badly in a clusteringsolution, to identify areas where high concentrations ofcommunal establishments are located
u005 Area size (in hectares) Rejected as u006 provided a better indication of populationdensity across different areas of the UK
u006 Number of persons per hectare Kept as it provided a good indication of the variation inpopulation density across different areas in the UK
u007 Persons aged 0 to 4 Kept as it provided an indicator of the pre-school agepopulation in the UK
u008 Persons aged 5 to 9 Merged with u009 to create a single indicator of the schoolage population in the UK
u009 Persons aged 10 to 14 Merged with u008 to create a single indicator of the schoolage population in the UK
u010 Persons aged 15 to 19 Rejected due to significant positive correlation with u115
u011 Persons aged 20 to 24 Rejected due to significant positive correlation with u022
u012 Persons aged 25 to 29 Merged with u013 to make the resulting composite variableless correlated with other variables
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u013 Persons aged 30 to 44 Merged with u012 to make the resulting composite variableless correlated with other variables
u014 Persons aged 45 to 59 Merged with u015 to make the resulting composite variableless correlated with other variables
u015 Persons aged 60 to 64 Merged with u014 to make the resulting composite variableless correlated with other variables
u016 Persons aged 65 to 74 Merged with u017 and u018 to make the resultingcomposite variable less correlated with other variables
u017 Persons aged 75 to 84 Merged with u016 and u018 to make the resultingcomposite variable less correlated with other variables
u018 Persons aged 85 to 89 Merged with u016 and u017 to make the resultingcomposite variable less correlated with other variables
u019 Persons aged 90 and over Kept as it provided a good indicator of the older populationin the UK
u020 Mean age Rejected due to significant correlation with numerous othervariables and had limited differentiating power across theUK
u021 Median age Rejected due to significant correlation with numerous othervariables and had limited differentiating power across theUK
u022 Persons aged over 16 who aresingle Kept as it provided a good indicator for the youngerpopulation in the UK
u023 Persons aged over 16 who aremarried Merged with u024 to make the resulting composite variableless skewed and correlated with other variables
u024 Persons aged over 16 who arein a registered same-sex civilpartnership Merged with u023 to make the resulting composite variableless skewed and correlated with other variables
u025 Persons aged over 16 who areseparated Merged with u026 to create composite variable thatrepresented all separated and divorced individuals in theUK
u026 Persons aged over 16 who aredivorced or formerly in asame-sex civil partnershipwhich is now legally dissolved
Merged with u025 to create composite variable thatrepresented all separated and divorced individuals in theUK
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u027 Persons aged over 16 who arewidowed or a survivingpartner from a same-sex civilpartnership
Rejected due to significant correlation with numerous othervariables and had limited differentiating power across theUK
u028 Persons who are white Britishand Irish Merged with u029 to make the resulting composite variableless skewed
u029 Persons who are other white Merged with u028 to make the resulting composite variableless skewed and correlated with other variables
u030 Persons who have mixedethnicity or are from multipleethnic groups
Kept as it provided good differentiation across differentparts of the UK and offered insight into the ethnic identity ofurban areas
u031 Persons who are Asian/AsianBritish: Indian Kept as it provided good differentiation across differentparts of the UK and offered insight into the ethnic identity ofurban areas
u032 Persons who are Asian/AsianBritish: Pakistani Kept as it provided good differentiation across differentparts of the UK and offered insight into the ethnic identity ofurban areas
u033 Persons who are Asian/AsianBritish: Bangladeshi Kept as it provided good differentiation across differentparts of the UK and offered insight into the ethnic identity ofurban areas despite its highly skewed distribution
u034 Persons who are Asian/AsianBritish: Chinese Merged with u035 to make the resulting composite variableless skewed and represent a greater share of the population
u035 Persons who are Asian/AsianBritish: Other Merged with u034 to make the resulting composite variableless skewed and represent a greater share of the population
u036 Persons who areBlack/African/Caribbean/Black British
Kept as it provided good differentiation across differentparts of the UK and offered insight into the ethnic identity ofurban areas
u037 Persons who are Arab or arefrom another ethnic group Kept as it offered insight into the ethnic identity of urbanareas in the UK
u038 Persons who are Christian Rejected due to significant correlation with multiple othervariables
u039 Persons who are from anotherreligion Rejected due to significant correlation with numerous othervariables and because of a skewed distribution
u040 Persons who have no religion Rejected as no other religion variables (u038 and u039)were retained
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u041 Persons who did not state theirreligion Rejected as no other religion variables (u038 and u039)were retained
u042 Persons whose country of birthis the United Kingdom Merged with u043 to make the resulting composite variableless skewed and reduce significant correlation with othervariables
u043 Persons whose country of birthis Ireland Merged with u042 to make the resulting composite variableless skewed and reduce significant correlation with othervariables
u044 Persons whose country of birthis in the old EU (pre 2004accession countries) Kept as it provided an indicator of the population of the UKfrom pre-accession EU countries
u045 Persons whose country of birthis in the new EU (post 2004accession countries) Kept as it provided an indicator of the population of the UKfrom post-accession EU countries
u046 Persons whose country of birthis not the UK, Ireland or EUcountries
Rejected due to significant correlation with numerous othervariables, including a strong negative correlation with u042and u028
u047 Persons whose main languageis English or their mainlanguage is not English but canspeak English very well
Rejected due to significant correlation with numerous othervariables and as the composite variable created from u049and u050 provides an indicator of language skills
u048 Persons whose main languageis not English but can speakEnglish well
Rejected due to significant correlation with numerous othervariables and as the composite variable created from u049and u050 provides an indicator of language skills
u049 Persons whose main languageis not English and cannot speakEnglish well
Merged with u050 due to high correlation and to make theresulting composite variable an indicator of persons withoutgood English language skills
u050 Persons whose main languageis not English and cannot speakEnglish
Merged with u049 due to high correlation and to make theresulting composite variable an indicator of persons withoutgood English language skills
u051 Households that only containPersons aged over 16 who areliving in a couple: Married Rejected due to significant correlation with numerous othervariables, including a strong positive correlation with u023
u052 Households that only containPersons aged over 16 who areliving in a couple: Cohabiting(opposite-sex) Rejected due to significant positive correlation with u065
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u053
Households that only containPersons aged over 16 who areliving in a couple: In aregistered same-sex civilpartnership or cohabiting(same-sex)
Rejected due to significantly skewed distribution and as noother 'living in couple' variables (u051 and u052) wereretained
u054
Households that only containPersons aged over 16 who arenot living in a couple: Single(never married or neverregistered a same-sex civilpartnership)
Rejected due to significant correlation with numerous othervariables, including a strong positive correlation with u022
u055
Households that only containPersons aged over 16 who arenot living in a couple: Marriedor in a registered same-sexcivil partnership
Rejected due to significant negative correlation with u028and u042
u056
Households that only containPersons aged over 16 who arenot living in a couple:Separated (but still legallymarried or still legally in asame-sex civil partnership)
Rejected due to significant positive correlation with u025
u057
Households that only containPersons aged over 16 who arenot living in a couple: Divorcedor formerly in a same-sex civilpartnership which is nowlegally dissolved
Rejected due to significant positive correlation with u026
u058
Households that only containPersons aged over 16 who arenot living in a couple: Widowedor surviving partner from asame-sex civil partnership
Rejected due to significant correlation with numerous othervariables
u059 One person households: Aged65 and over Rejected due to significant correlation with numerous othervariables
u060 One person households: Other Rejected due to significant correlation with numerous othervariables
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u061 One family households: Allaged 65 and over Rejected due to significant correlation with numerous othervariables
u062 One family households:Married or same-sex civilpartnership couple with nochildren
Merged with u065 to create a composite variable that hadbetter differentiation across the UK and represented agreater share of the population
u063 One family households:Married or same-sex civilpartnership couple withdependent children
Rejected due to significant correlation with numerous othervariables
u064 One family households:Married or same-sex civilpartnership couple with non-dependent children
Merged with u067 and u069 to create a composite variablethat had better differentiation across the UK andrepresented a greater share of the population
u065 One family households:Cohabiting couple with nochildren
Merged with u062 to create a composite variable that hadbetter differentiation across the UK and represented agreater share of the population
u066 One family households:Cohabiting couple withdependant children Rejected due to limited variation across the UK
u067 One family households:Cohabiting couple with non-dependant children
Merged with u064 and u069 to create a composite variablethat had better differentiation across the UK andrepresented a greater share of the population
u068 One family households: Loneparent with dependantchildren Rejected due to significant correlation with numerous othervariables
u069 One family households: Loneparent with non-dependantchildren
Merged with u064 and u067 to create a composite variablethat had better differentiation across the UK andrepresented a greater share of the population
u070 Other household types: Withdependent children Rejected as no other 'dependent children' variables (u063,u066, u068 and u074) were retained
u071 Other household types: All full-time students Kept as it provided an indicator for student only householdswhich represents a large and important section of society
u072 Other household types: Allaged 65 and over Rejected due to due to highly skewed distribution, limitedvariation across the UK and as WCSS analysis suggests itperforms badly in a clustering solution
u073 Other household types: Other Rejected due to limited descriptive power
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u074 Households with no adults inemployment: With dependentchildren Rejected due to significant correlation with numerous othervariables
u075 Households with no adults inemployment: No dependentchildren Rejected due to significant correlation with numerous othervariables
u076 Households with lone parent inpart-time employment Rejected due to limited variation across the UK
u077 Households with lone parent infull-time employment Rejected due to limited variation across the UK
u078 Households with lone parentnot in employment Rejected due to significant correlation with numerous othervariables
u079 One person ethnic household Rejected due to significant correlation with numerous othervariables
u080 Household members all havethe same ethnic group Rejected due to significant correlation with numerous othervariables
u081 Households with differentethnic groups between thegenerations only Rejected due to significant correlation with numerous othervariables
u082
Households with differentethnic groups withinpartnerships (whether or notdifferent ethnic groupsbetween generations)
Rejected due to limited descriptive power
u083 Households with any othercombination of multiple ethnicgroups Rejected due to significant correlation with numerous othervariables
u084 Household spaces with at leastone usual resident Rejected due to significant negative correlation with u085and highly skewed distribution
u085 Household spaces with nousual residents Rejected due to significant negative correlation with u084and due to limited variation across the urban areas of theUK
u086 Households who live in adetached house or bungalow Kept as the variation in the types of housing directlyinfluence the physical characteristics of an area
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u087 Households who live in a semi-detached house or bungalow Kept as the variation in the types of housing directlyinfluence the physical characteristics of an area
u088 Households who live in aterrace or end-terrace house Kept as the variation in the types of housing directlyinfluence the physical characteristics of an area
u089 Households who live in a flat Kept as the variation in the types of housing directlyinfluence the physical characteristics of an area
u090 Households who live in acaravan or other mobile ortemporary structure Rejected due to limited variation across the UK and as WCSSanalysis suggests it performs badly in a clustering solution
u091 Households who own or haveshared ownership of property Kept as it provided a good indicator of areas where thepopulation can afford to own their own home and has highvariation across the UK
u092 Households who are socialrenting Kept as it provided a good indicator of areas where thepopulation cannot afford to rent privately or own their ownhome and has high variation across the UK
u093 Households who are privaterenting Kept as it provided a good indicator of areas where thepopulation can afford to rent privately and has highvariation across the UK
u094 Households who are living rentfree Rejected due to due limited variation across the UK and asWCSS analysis suggests it performs badly in a clusteringsolution
u095 Households who have two ormore rooms than required Rejected due to significant correlation with numerous othervariables and as the composite variable created from u098and u099 provides an indicator of household crowding
u096 Households who have onemore room than required Rejected as the composite variable created from u098 andu099 provides an indicator of household crowding
u097 Households who have therequired number of rooms Rejected due to significant correlation with numerous othervariables and as the composite variable created from u098and u099 provides an indicator of household crowding
u098 Households who have onefewer room than required Merged with u099 to make the resulting composite variableless correlated with other variables and provide anindicator of overcrowded households
u099 Households who have twofewer or less rooms thanrequired
Merged with u098 to make the resulting composite variableless correlated with other variables and provide anindicator of overcrowded households
u100 Households with up to 0.5persons per room Rejected due to significant correlation with numerous othervariables and as the composite variable created from u098and u099 provides an indicator of household crowding
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u101 Households with over 0.5 andup to 1.0 persons per room Rejected due to significant correlation with numerous othervariables and as the composite variable created from u098and u099 provides an indicator of household crowding
u102 Households with over 1.0 andup to 1.5 persons per room Rejected due to significant correlation with numerous othervariables and as the composite variable created from u098and u099 provides an indicator of household crowding
u103 Households with over 1.5persons per room Rejected due to significant correlation with numerous othervariables and as the composite variable created from u098and u099 provides an indicator of household crowding
u104 Day-to-day activities limited alot or a little StandardisedIllness Ratio Kept as it provided a good indicator of population health inthe UK
u105 Persons in very good health Rejected due to significant correlation with numerous othervariables and as u104 provides information on thepopulation health in the UK
u106 Persons in good health Rejected as u104 provides information on the populationhealth in the UK
u107 Persons in fair health Rejected due to significant correlation with numerous othervariables and as u104 provides information on thepopulation health in the UK
u108 Persons in bad health Rejected due to significant correlation with numerous othervariables and as u104 provides information on thepopulation health in the UK
u109 Persons in very bad health Rejected as WCSS analysis suggests it performs badly inclustering solutions and as u104 provides information onthe population health in the UK
u110 Persons providing unpaid care Kept as it provided a non-direct measure of populationhealth in the UK
u111 Persons aged over 16 whohave no qualifications Rejected due to significant correlation with numerous othervariables, including a strong negative correlation with u114
u112 Persons aged over 16 whosehighest level of qualification isLevel 1, Level 2 orApprenticeship
Kept as it provided an indication of less well-off areas in theUK where the population had a basic education
u113 Persons aged over 16 whosehighest level of qualification isLevel 3 qualifications
Kept as it provided an indication of reasonably well-offareas in the UK where the population had an advancededucation
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u114 Persons aged over 16 whosehighest level of qualification isLevel 4 qualifications andabove
Kept as it provided a good indication of better off areas inthe UK with people who had a very good education
u115 Persons aged over 16 who areschoolchildren or full-timestudents
Kept as it provided a good indicator for areas that containstudents no matter what their living arrangements, unlikeu071
u116 Households with no cars orvans Rejected due to significant correlation with numerous othervariables, including a strong negative correlation with u118
u117 Households with 1 car or van Rejected as limited variation across the UK and as u118provides information on the vehicles in households
u118 Households with 2 or morecars or vans Kept as it provided an indicator for potentially better-offhouseholds
u119 Persons aged between 16 and74 who work mainly at or fromhome
Rejected as limited variation across the UK and as u120 tou122 provides information on individuals method of travelto work
u120 Persons aged between 16 and74 who use public transport toget to work Kept as it provided a good indication of areas that containcommuters
u121 Persons aged between 16 and74 who use private transportto get to work Kept as it provided a good indication of areas that containcommuters
u122 Persons aged between 16 and74 who walk, cycle or use analternative method to get towork
Kept as it provided a good indication of areas that containworkers that live close to their place of work
u123 Persons aged between 16 and74 who are economicallyactive: Part-time employees Rejected as the composite variable created from u137 andu138 provides an indicator of part-time employment
u124 Persons aged between 16 and74 who are economicallyactive: Full-time employees Rejected as the composite variable created from u139 andu140 provides an indicator of full-time employment
u125 Persons aged between 16 and74 who are economicallyactive: Self-employed Rejected due to limited descriptive power
u126 Persons aged between 16 and74 who are economicallyactive: Unemployed
Kept as it identified individuals unemployed in an area butwho were seeking employment in the week prior to the 27thMarch 2011 (Census day)
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u127 Persons aged between 16 and74 who are economicallyactive: Full-time student Rejected due to significant positive correlation with u115
u128 Persons aged between 16 and74 who are economicallyinactive: Retired Rejected due to significant correlation with numerous othervariables, including a strong positive correlation with u016
u129 Persons aged between 16 and74 who are economicallyinactive: Student (includingfull-time students) Rejected due to significant positive correlation with u115
u130 Persons aged between 16 and74 who are economicallyinactive: Looking after home orfamily Rejected due to limited variation across the UK
u131 Persons aged between 16 and74 who are economicallyinactive: Long-term sick ordisabled
Rejected due to significant correlation with numerous othervariables and as u104 provides information on thepopulation health in the UK
u132 Persons aged between 16 and74 who are economicallyinactive: Other Rejected as limited variation across the UK
u133 Persons aged between 16 and24 who are unemployed Rejected as u126 provides information on theunemployment levels in the UK
u134 Persons aged between 50 and74 who are unemployed Rejected as u126 provides information on theunemployment levels in the UK
u135 Persons aged between 16 and74 who have never worked Rejected as u126 provides information on theunemployment levels in the UK
u136 Persons aged between 16 and74 who are long-termunemployed Rejected as u126 provides information on theunemployment levels in the UK
u137 Employed persons agedbetween 16 and 74: Part-timeworking 15 hours or less Merged with u138 to create a composite variable thatidentified all part-time workers in an area
u138 Employed persons agedbetween 16 and 74: Part-timeworking 16 to 30 hours Merged with u137 to create a composite variable thatidentified all part-time workers in an area
u139 Employed persons agedbetween 16 and 74: Full-timeworking 31 to 48 hours Merged with u140 to create a composite variable thatidentified all full-time workers in an area
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u140 Employed persons agedbetween 16 and 74: Full-timeworking 49 or more hours Merged with u139 to create a composite variable thatidentified all full-time workers in an area
u141 Employed persons agedbetween 16 and 74 industry:Agriculture, forestry andfishing
Kept as it provided a good indicator of different types ifindustry individuals in the UK work in
u142 Employed persons agedbetween 16 and 74 industry:Mining and quarrying
Merged with u146 to create a composite variable thatprovided a good indicator of different types if industryindividuals in the UK work in
u143 Employed persons agedbetween 16 and 74 industry:Manufacturing Kept as it provided a good indicator of different types ifindustry individuals in the UK work in
u144 Employed persons agedbetween 16 and 74 industry:Electricity, gas, steam and airconditioning supply
Merged with u145 to create a composite variable thatprovided a good indicator of different types if industryindividuals in the UK work in
u145
Employed persons agedbetween 16 and 74 industry:Water supply; sewerage, wastemanagement and remediationactivities
Merged with u144 to create a composite variable thatprovided a good indicator of different types if industryindividuals in the UK work in
u146 Employed persons agedbetween 16 and 74 industry:Construction
Merged with u142 to create a composite variable thatprovided a good indicator of different types if industryindividuals in the UK work in
u147
Employed persons agedbetween 16 and 74 industry:Wholesale and retail trade;repair of motor vehicles andmotor cycles
Kept as it provided a good indicator of different types ifindustry individuals in the UK work in
u148 Employed persons agedbetween 16 and 74 industry:Transport and storage Kept as it provided a good indicator of different types ifindustry individuals in the UK work in
u149 Employed persons agedbetween 16 and 74 industry:Accommodation and foodservice activities
Kept as it provided a good indicator of different types ifindustry individuals in the UK work in
u150 Employed persons agedbetween 16 and 74 industry:Information andcommunication
Merged with u153 to create a composite variable thatprovided a good indicator of different types if industryindividuals in the UK work in
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u151 Employed persons agedbetween 16 and 74 industry:Financial and insuranceactivities
Merged with u152 to create a composite variable thatprovided a good indicator of different types if industryindividuals in the UK work in
u152 Employed persons agedbetween 16 and 74 industry:Real estate activities
Merged with u151 to create a composite variable thatprovided a good indicator of different types if industryindividuals in the UK work in
u153 Employed persons agedbetween 16 and 74 industry:Professional, scientific andtechnical activities
Merged with u150 to create a composite variable thatprovided a good indicator of different types if industryindividuals in the UK work in
u154 Employed persons agedbetween 16 and 74 industry:Administrative and supportservice activities
Kept as it provided a good indicator of different types ifindustry individuals in the UK work in
u155
Employed persons agedbetween 16 and 74 industry:Public administration anddefence; compulsory socialsecurity
Kept as it provided a good indicator of different types ifindustry individuals in the UK work in
u156 Employed persons agedbetween 16 and 74 industry:Education Kept as it provided a good indicator of different types ifindustry individuals in the UK work in
u157 Employed persons agedbetween 16 and 74 industry:Human health and social workactivities
Kept as it provided a good indicator of different types ifindustry individuals in the UK work in
u158 Employed persons agedbetween 16 and 74 industry:Other industry
Rejected due to due limited variation across the UK and asWCSS analysis suggests it performs badly in a clusteringsolution
u159 Employed persons agedbetween 16 and 74 occupation:Managers, directors and seniorofficials
Rejected due to highly skewed distribution and limitedvariation across the UK
u160 Employed persons agedbetween 16 and 74 occupation:Professional occupations Rejected due to significant correlation with numerous othervariables, including a strong positive correlation with u114
u161 Employed persons agedbetween 16 and 74 occupation:Associate professional andtechnical occupations
Rejected due to highly skewed distribution and limitedvariation across the UK
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u162 Employed persons agedbetween 16 and 74 occupation:Administrative and secretarialoccupations Rejected due to limited variation across the UK
u163 Employed persons agedbetween 16 and 74 occupation:Skilled trades occupations Rejected due to limited variation across the UK
u164 Employed persons agedbetween 16 and 74 occupation:Caring, leisure and otherservice occupations Rejected due to limited variation across the UK
u165 Employed persons agedbetween 16 and 74 occupation:Sales and customer serviceoccupations Rejected due to significant positive correlation with u147
u166 Employed persons agedbetween 16 and 74 occupation:Process, plant and machineoperatives
Rejected due to significant negative correlation with u114and because industry indicators rather than occupationwere retained
u167 Employed persons agedbetween 16 and 74 occupation:Elementary occupations Rejected due to significant negative correlation with u114
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C.6. The Preliminary 2011 England and Wales OAC
Table C.2: The names for the Preliminary 2011 England and Wales OAC Supergroups,Groups and Subgroups
Supergroup Group Subgroup
1 - RuralResidents
1a - Rural Retirement 1a1 - Early Rural Retirement1a2 - Late Stage Rural Retirement
1b - Farming Communities 1b1 - Agricultural Communities1b2 - Older Farming Communities1b3 - Rural Commuters
1c - Country Life 1c1 - Ageing Rural Life1c2 - Social Rented Rural Housing1c3 - Young Commuters
2 - Cosmopolitans
2a - Aspirational Migrants 2a1 - Migrant Commuters2a2 - Migrant Families2a3 - Financial Workers2b - Student Communities 2b1 - Student Communal Living2b2 - Student Digs
2c - Settled City Living 2c1 - Older Traditional Employment2c2 - Established EU Service Workers2c3 - Urban Cultural Mix
3 - Ethnic Mix
3a - Urban Deprivation 3a1 - Striving Service Workers3a2 - Ageing Unemployed
3b - Connected Achievers 3b1 - Ageing Workers3b2 - Multi-Ethnic Workers3b3 - IT Workers3c - Aspirational MulticulturalFamilies 3c1 - White-Ethnic Families3c2 - Multi-Ethnic Families
3d - Challenged Ethnic Mix 3d1 - Bangladeshi Hardship3d2 - Black Hardship3d3 - White Hardship
4 - Blue CollarNeighbourhoods
4a - Blue Collar Estates 4a1 - Multi-Ethnic Estates4a2 - Secondary Industry Workers4a3 - Flats and Terraced Living
4b - Blue Collar Transitions 4b1 - Steady Transitions4b2 - Transitional White Neighbourhoods4b3 - Multi-Ethnic Industrial Transition
4c - Blue Collar Terraces 4c1 - Senior Blue Collar Terraces4c2 - Ethnic Blue Collar Terraces4c3 - Rented Blue Collar Terraces
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Supergroup Group Subgroup
5 - MulticulturalMetropolitans
5a - Socially Mobile Minorities 5a1 - Achieving Minorities5a2 - Inner City Ethnic Assimilation5a3 - Socially Mobile New Arrivals
5b - Ethnic Communities 5b1 - Pakistani Communities5b2 - Multi-Ethnic Communities5b3 - White-Ethnic Communities
6 - Suburbanites
6a - Inner Suburbs 6a1 - Multi-Ethnic Suburbs6a2 - Young Workers in Terraces6a3 - Ageing Europeans
6b - Established Suburbs 6b1 - Ageing in Suburbia6b2 - Young Suburban Family Tenants6b3 - Suburban Service Workers with HigherQualifications
6c - Suburban Aspiration 6c1 - Detached Retirement Living6c2 - Semi-Detached Suburbia6c3 - Young Families in Detached Houses
7 - Hard-PressedHouseholds
7a - Industrial Legacy 7a1 - Young Hard-Pressed Families7a2 - Old Industrial Workers
7b - Hard-Pressed Multi-EthnicNeighbourhoods 7b1 - Hard-Pressed Adults with Prospects7b2 - Hard-Pressed European Settlers7b3 - Deprived and Isolated Ethnic Minorities
7c - Elderly in Flats 7c1 - Settled Hard-Pressed Pensioners7c2 - Dependant Hard-Pressed Pensioners7c3 - Deprived Elderly Communities
8 - Urbanites
8a - Traditional Trades 8a1 - Achieving Tradespeople8a2 - Educated Tradespeople8a3 - Striving Multi-Ethnic Tradespeople
8b - Service Sector Urbanities 8b1 - Ageing Urban Service Workers8b2 - Young Urban Service Workers8b3 - Skilled Urban Service Workers
8c - Late Retirement 8c1 - Delayed Retirement8c2 - Self-Sufficient Retirement8c3 - Communal Retirement
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D.1. Similarities of each OA and SA in the UK to the 2011 OAC
SupergroupsSection D.1 contains choropleth maps that visualise the propensity for each OA and SAin the UK to conform to each of the eight 2011 OAC Supergroups.
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Figure D.1: The similarities of each OA and SA in the UK to the 'Rural Residents'2011 OAC Supergroup
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Figure D.2: The similarities of each OA and SA in the UK to the 'Cosmopolitans'2011 OAC Supergroup
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Figure D.3: The similarities of each OA and SA in the UK to the 'Ethnicity Central'2011 OAC Supergroup
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Figure D.4: The similarities of each OA and SA in the UK to the 'MulticulturalMetropolitans' 2011 OAC Supergroup
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Figure D.5: The similarities of each OA and SA in the UK to the 'Urbanites' 2011 OACSupergroup
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Figure D.6: The similarities of each OA and SA in the UK to the 'Suburbanites' 2011OAC Supergroup
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Figure D.7: The similarities of each OA and SA in the UK to the 'Constrained CityDwellers' 2011 OAC Supergroup
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Figure D.8: The similarities of each OA and SA in the UK to the 'Hard-Pressed Living'2011 OAC Supergroup
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D.2. The Gini Coefficients of the 2011 OAC variables
Table D.1: Gini Coefficients of the 60 variables used to construct the 2011 OAC
Code Variable Name GiniCoefficientk001 Persons aged 0 to 4 0.134k002 Persons aged 5 to 14 0.093k003 Persons aged 25 to 44 0.051k004 Persons aged 45 to 64 0.045k005 Persons aged 65 to 89 0.118k006 Persons aged 90 and over 0.596k007 Number of persons per hectare 0.184k008 Persons living in a communal establishment 0.911k009 Persons aged over 16 who are single 0.074k010 Persons aged over 16 who are married or in a registered same-sex civilpartnership 0.047k011 Persons aged over 16 who are divorced or separated 0.080k012 Persons who are white 0.021k013 Persons who have mixed ethnicity or are from multiple ethnic groups 0.486k014 Persons who are Asian/Asian British: Indian 0.688k015 Persons who are Asian/Asian British: Pakistani 0.808k016 Persons who are Asian/Asian British: Bangladeshi 0.888k017 Persons who are Asian/Asian British: Chinese and Other 0.598k018 Persons who are Black/African/Caribbean/Black British 0.675k019 Persons who are Arab or from other ethnic groups 0.750k020 Persons whose country of birth is the United Kingdom or Ireland 0.029k021 Persons whose country of birth is in the old EU (pre 2004 accessioncountries) 0.451k022 Persons whose country of birth is in the new EU (post 2004 accessioncountries) 0.555k023 Main language is not English and cannot speak English well or at all 0.613k024 Households with no children 0.075k025 Households with non-dependant children 0.120k026 Households with full-time students 0.903k027 Households who live in a detached house or bungalow 0.297k028 Households who live in a semi-detached house or bungalow 0.183k029 Households who live in a terrace or end-terrace house 0.265k030 Households who live in a flat 0.362k031 Households who own or have shared ownership of property 0.061
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Code Variable Name GiniCoefficientk032 Households who are social renting 0.347k033 Households who are private renting 0.176k034 Occupancy room rating -1 or less 0.289k035 Individuals day-to-day activities limited a lot or a little StandardisedIllness Ratio 0.047k036 Persons providing unpaid care 0.073k037 Persons aged over 16 whose highest level of qualification is Level 1, Level2 or Apprenticeship 0.042k038 Persons aged over 16 whose highest level of qualification is Level 3qualifications 0.066k039 Persons aged over 16 whose highest level of qualification is Level 4qualifications and above 0.088k040 Persons aged over 16 who are schoolchildren or full-time students 0.141k041 Households with two or more cars or vans 0.116k042 Persons aged between 16 and 74 who use public transport to get to work 0.202k043 Persons aged between 16 and 74 who use private transport to get to work 0.059k044 Persons aged between 16 and 74 who walk, cycle or use an alternativemethod to get to work 0.143k045 Persons aged between 16 and 74 who are unemployed 0.209k046 Employed persons aged between 16 and 74 who work part-time 0.037k047 Employed persons aged between 16 and 74 who work full-time 0.012k048 Employed persons aged between 16 and 74 who work in the agriculture,forestry or fishing industries 0.764k049 Employed persons aged between 16 and 74 who work in the mining,quarrying or construction industries 0.122k050 Employed persons aged between 16 and 74 who work in themanufacturing industry 0.152k051 Employed persons aged between 16 and 74 who work in the energy,water or air conditioning supply industries 0.463k052 Employed persons aged between 16 and 74 who work in the wholesaleand retail trade; repair of motor vehicles and motor cycles industries 0.062k053 Employed persons aged between 16 and 74 who work in the transport orstorage industries 0.190k054 Employed persons aged between 16 and 74 who work in theaccommodation or food service activities industries 0.178k055 Employed persons aged between 16 and 74 who work in the informationand communication or professional, scientific and technical activitiesindustries 0.159k056 Employed persons aged between 16 and 74 who work in the financial,insurance or real estate industries 0.211k057 Employed persons aged between 16 and 74 who work in theadministrative or support service activities industries 0.173k058 Employed persons aged between 16 and 74 who work in the in publicadministration or defence; compulsory social security industries 0.164k059 Employed persons aged between 16 and 74 who work in the educationsector 0.110k060 Employed persons aged between 16 and 74 who work in the humanhealth and social work activities industries 0.069
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